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A method of producing and selectively isolating a dcMrcd prouin or pol ref tide or derivaiivs 'hereof by construct- 

rol^ecu - iraXn^^^^^^^ host with said recomiMn.nt vector such th;a the comb.ncd DNA sequences cod.ng 

S^std uVonT^^^^^ can be expressed by the host, and c-nuri .g the transformed host .n a suitable 

Iromh mZm toTrod^ protein or polypep.i le: seiective-y iso a ing sa.d fusion protein or po^pept.de by 

!d,orlon to an IbO .upporting carrier material: and optionally dcsorbmg s.i.l (us.on protein or polypeptide from »a.d 

SpS.^°ng c^^^^^ protein or polypeptide coded for by su.d .cmbined P^A-sequence optional ly^^^^^^ 

Sni a SnX cleavage site between said protein A part iid said desired pr- .e> i or polypeptide part, said <l«.red pro- 
rjin o? LwDemide iart then being cleaved off from the res; of the fusion proi .-i/. or polypeptide either wh.lc (he latter ,s 
adJoSe^toThe l^^^^^^^ or after desnrption .h.-rcof from the car.i.T. Also a hyhrui vector use here.n a 

„.u?' J° ,"\.lr«.i'r.„ v.crnr for its oreoaration and a host uganism traiislonied by said hybrid vector are disclosed. 
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The present Invention relates to a method of preparing protein and 
polypeptide products with high purity through recombinant DNA technology, and 
more particular iy to the utlUratlon of such technology to prepare novel gene 
products comprising desired proteins or polypeptides, which novel gene products 
5 are easily reflnable, and optionally converting such gene products Into the 
desired proteins or polypeptides. The Invention also relates to such novel gene 
products. 

The relatively new recombinant DNA technology or so-called genetic 
engineering, whereby novel recombinant DNA structures may be constructed 

10 from DNA segments derived from different biological sources and introduced 
Into a prokaryotlc or eukaryotlc host cell to produce the corresponding protein or 
polypeptide, has made It possible to produce a great number of proteins which 
can otherwise only be obtained from natural sources and at considerable costs. 
Well-known examples are Insulin and the growth hormone somatostatin. The 

13 proteins produced by the host cells are either trapped within the cells or secreted 
into the surrounding growth medium. In the former case the cells must be 
ruptured to permit the desired protein to be Isolated, whereas In the latter case 
It can be separated from the growth medium. Even In case of secreted proteins, 
hotvever, the preparation from which the protein Is to be isolated Is relatively 

20 complex containing a variety of other substances, and despite efficient 
separation techniques both the purity and yield of the desired protein may be 
low. 

TTje present Invention provides a solution to the above mentioned 
proble^r. through a method based upon recombinant DNA technology which 
25 permits desired proteins and polypeptides to be produced with extreme purity. 
According to the Invention this is achieved by utilizing the unique binding 
properties of protein A from Staphylococci In combination with gene fusion 
technology as will be explained below. 

Protein A Is known as a cell wall component of the bacterium Staphylo- 

30 coccus aureus , hereinafter called S. aureus , and It 1$ characterized by a specific 
serological reaction with mammal Immunoglobullris. In contrast to the normal 
antigen-antibody reactions, however, protein A binds to the Fc-portlon of all 
subclasses of human immunoglobulins type G, or IgG, except IgGj, leaving the 
Fab-portlon thereof free, for antigen and hapten coupling. This property has 

33 given protein A a widespread use In botli quantitative and qualitative Immuno- 
chemical techniques. Covalently bound to a carrier protein A Is thus an excellent 
Immunosorbent for the Isolation of IgG. The exact structure of protein A may 
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p,o«ln A- or -active derivatives of protein A 
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Isolation and characterization of the gene coding for staphylo- 
Zl2 A « well a. the expression thereof In Esd«rl*la coU, hereinafter 
coccalpro..,n Aa.we^l « ^ „„rformed with a plasmld 

called E. coU, are described. f\t\ c. tou >i , , iq«7 

o. Germany, under No. DSM 2««. By .sing, e.g.. th« prot.m A gene 
co„«lnU,g plasn,ld. named pSPAl, protein A genetic material for the purposes of 
the present Invention may be obtained. 

,t 1, «sumed tha. the specific term, relating to gene technology, 
win be used U, the foUowlng descrlp bn and claim,, are well-^own ^d accept^ 
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„1. t^e above mentioned International patent application PCT/SES3/00297. 
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into a functional g«ne capable of expressing the fusion product of said desired 
protein or polypeptide and the protein A component. Due to the IgG-bindlrfg s > . 
ability of the protein A part, the produced protein or polypeptide can easily be 
Isolated with high efficiency by conventional affinity chromatography utilizing 
J immunoglobulin of type IgG Immobilized to a suitable carrier. The carrier- 
bound fusion product may be used as such, e.g. If the desired protein is an 
enzyme, or it may be released from the carrier, either as a whole Including the 
protein A part, or only the desired protein or polypeptide part thereof through 
cleavage with a suitable agent as will be further described below. 
jQ A basl'; aspect of the present invention is thus the provision of a 

recombinant DNA cloning vehicle or vector comprising a DNA sequence coding 
for a desired protein or polypeptide operatively linked to a DNA sequence coding 
for protein A or an active polypeptide fragment thereof, such that said DNA 
sequences together code for an IgC-bindlng fusion product of said desired protein 
15 or polypeptide and said protein A or active polypeptide fragment thereof. In 
order to be capable of transforming (which is also meant to Include the case that 
the vector Is a bacteriophage) a host organism to produce said fusion product, the 
vector In conventional manner further comprises a repilcon and a promoter for 
the combined fusion product coding DNA sequence. For purposes which will be 
20 further elucidated below said combined DNA sequence may comprise a sequence 
coding for an appropriate cleavage site between the DNA sequences coding for 
the desired protein and protein A, respectively, such that the protein A part of 
the fusion molecule may be cleaved off as mentioned above. A more detailed 
description of the recombinant vector according to this aspect of the Invention 
23 as well as the construction thereof will be described in more detail further on. 

By transforming a compatible host organism vlth said vector to permit 
expression of the above combined DNA sequence and culturlng the host In a 
nutrient medium the corresponding IgG-blndIng fused protein or polypeptide will 
be producer. Although bacterial hosts, such as strains of, for example, 
30 Escherichia, Bacillus and Staphylococcus, are preferred for the purposes of the 
invention. It Is, of course, also within the scope thereof to Use other hosts, such 
as yeasts and other fungi, plant cells in culture, etc. The transformation of the 
hosts may be effected with well-known methods. 

Due to IgG-blndlng ability of the prntein A moiety of the fusion moleoile 
35 produced by the cultured host-organism the fusion molecule can be very effi- 
ciently isolated from the cell culture by means of IgG Immobilized to a suitable 
carrier. If the fusion product is secreted into the surrounding medium the binding 
to the carrier may be performed directly frorr the medium. If, on the other hand, 
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the fusion product remains within the cells the latter have to be rupttjred before 
such Immunosorbance can be effected. Rupture of the cell walls may be.e£ffi|cted . 
In conventional manner by, e.g., high pressure, ultrasonication, homogenlzation, 
shaking with glass-beads etc. In cases where the product Is trapped within the 
3 periplasmlc space between two cell membranes, as in gram-negative bacteria, an 
osmotic shock procedure may be used to release the product Into the suspenslort 
medium. Any other treatment of the cultured cells or the growth medium prior 
to the IgG-alded Isolation of the fusion product is, of course, also within the scope 
of the Invention. 

10 In conventional manner the immobilization process may be performed 

batch-wise with the IgG-coupied carrier slurried in a suitable medIum,oron a 
column of the activated carrier. "igG-coupied carriers for chromatographic use, 
e.g. IgG-Sepharose^ (Pharmacia AB, Sweden) are commercially available 
and may advantageously be used ior the purposes of the invention. However, any 

15 conventional carrier material to which IgG can be sufficiently coupled for the 
present purposes may be used. The methods for coupling or immobilizing IgG to 
such carrier materials Is well-known and need not be described in any detail 
herein. 

Release or desorptlon of the fused protein or polypeptide which is bound 

20 to the IgG-carrler may be effected by conventional methods, such as lowering 
the pH, e.g. by means of glycine buffer (pH 3.0), treatment with high salt 
concentrations or chaotrophic Ions, or by competitive elutlon using excess soluble 
protein A or IgG or fragments thereof to displace the fusion protein or 
polypeptide from the IgG-carrler adsorbent. The choice of desorptlon method 

25 should, of course, be made with regard td the particular desired protein or 
polypeptide, such that a desired activity thereof is not lost or considerably 
reduced thereby. From the resulting eluate the fusion protein or polypeptide may 
readily be isolated and, if desired, subjected to further purification steps, such as 
gel filtration, ion exchange etc. 

30 The purified fusion protein or polypeptide obtained may in itself be a 

valuable product as will be described below, and another aspect of the present 
invention is therefore the provision of a method of producing a highly purified 
fused protein or polypeptide product comprising the steps of transforming a 
compatible host with the above vector, culturing said host in a nutrient medium, 

35 isolating said fused protein or polypeptide from said host culture by selective 
binding thereof to an IgG-supportlrg carrier, and optionally releasing the fused 
protein or polypeptide from the carrier, as well as such an Isolated fused product 
obtained thereby. 

One valuable use of such a fusion product is when the protein fused to 
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the protein A part Is an enzyme. In such cases the IgG-blndlng activity o£ .thi»Vi?, - ^ 
fusion product Is utilized for Immobilizing tlie enzyme to a carrier material 
having IgG coupled thereto. Such an enzyme system offers several advantages. 
Since the enzyme is bound to the carrier via the protein A-IgG coupling, all the 

5 enzyme molecules will be bound to the carrier In exactly the same way and 
maximum activity thereof will thus be obtained. When the enzyme activity has 
decreased to an unacceptably low level, such a si'stem can easily be regenerated 
by conventionally desorbing the enzyme from the carrier through a pH change, 
e.g. glycine buffer treatment, and then binding fusion product containing active 

10 enzyme thereto. The binding or adsorption of the fused enzyme In question to the 
IgG-coupled carrier may be effected either directly from the appropriately pre- 
treated cells or cell medium, or in purified state after adsorption and desorptlon ■ 
from another IgG-coupled adsorbent. 



13 systems which are already used Industrially as well as to enzyme systems not yet 
commercialized, as long as the DNA fragment coding for the selected enzyme Is 
available. As examples of such enzyme systems may be mentioned amino-«cld 
acylase, glucose>isomerase, penlcIIIIn-amldase, aspartase, fumarase, B-galactosl- 
dase, alkaline phosphatase, etc 

20 Another case when the IgG-blndlng ability of the fused protein or 

polypeptide is desirable Is, for example, icr providing certain protein A 
conjugates which may be used in the well-known variant of immuno-chemlcal 
analysis named ELISA (enzyme linked Immunosorbent assay). Two examples of 
such conjugates, which are frequently used and also are commercially available, 

25 are 0-galactosidase and alkaline phosphatase. When these conjugates are 
prepared in conventional manner, I.e. by chemically binding protein A to the 
respective enzyme, only part of the two components will be correctly bonded to 
each other, the resulting conjugate mixture thus containing a relatively high 
proportion of inactive or poorly active conjugates. In contrast thereto, the 

30 corresponding conjugates prepared according to the present Invention In the form 
of a fused gene product will always have the correct coupling relationship 
between protein A and the enzyme and consequently always maximum and 
definable activity. 



33 used is when the protein A residue thereof does not inactivate or otherwise 
prevent the Intended use of the desired protein or polypeptide fused to the 
protein A part. In such a case the fusion product may well be used Instead of the 
respective pure protein or polypeptide, and It will thus not be necessary to cleave 
off the protein A part therefrom as will be descrited below as a further aspect of 



Immobilization of enzymes as above may be applied to such enzyme 



Still another case when the fused protein or polypeptide obtained may be 
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the in^ entlon. 

Th« protein part of the fused protein or polypeptide may under ceiStaln 
conditions be cleaved off, the pur > desired prote.^A or polypeptide thereby being 
obtained. In another aspect the present Invention therefore provides a method of 
J producing a desired protein or polypeptide of high p>irlty comprising the steps of 
transforming a compatible host with the above mentioned vector, culturlng said 
host In a nutrient medium, Isolating said fu.ed protein or polypeptide from the 
cell culture by selective binding to an IgG-S'.«pportlng carrier, and cleaving off 
the desired protein or polypeptide from the protein A part of said fused protein 
10 or polypeptide, either directly from the osrrler bound fusion product or after 
dcsorptlon thereof from the carrier. 

A necessary condition to permit sucii cleavage of the fused protein or poly- 
peptide Is, of course, that It contains a unique cleavage site which may be recog- 
nised and cleaved by suitable means. Such a cieavnge site may be a unique amino- 
I^ add sequence recognizable by chentical or enzymat c means and located between 
the desired protein or polypeptide an-i protein A seciicns, respectively, of the 
fused produc'; to be produced. Such ^ spicific amina id sequence must not occur 
within the desired protein or polypept'.de and prefw a l)fy not in the protein A part 
of the fusion product. Examples of .'nzymatic ageirts include proteases, such as 
20 collefenase, which in some cases recognizer the amino acid sequence 
NHj-Pro-X-Giy-Pro-COOH, wherfc'r X is an arbi'.nvy amino acid residue, e.g. 
leucine; chymosin (rennin), which cleaves the Met-P^le bond; kailil<rein B, which 
cleaves on the car boxy 1 side of Arg in X-Phe-Arg-Y} enterokinase, which 
recognizes the sequence X-<Asp)^-Lys-V wherein ns2-4, and cleaves it on the 
23 carboxyl side of Lysj thrombin which c)eavf« ft specific arginyl bonds. Examples 
of chemical agents include cyanogen bromitile (CNBr), which cleaves after Met; 
hydroxylamine, which cleaves the Asn-Z bond, wherein Z may be Giy, Leu or Ala; 
f'.K-mic acid, which in high concentration ('^.'0%) specifically cleaves Asp-Pro. 
Thus, if the desired protein or polypeptide does not contain any methionine 
30 s^qu^nces, which is the case for, e.g., the hormone somatostain, the cleavage 
:.ite may be a methinonlne group which can be selectively cleaved by cyanogen 
bromide. Often it may be preferred to use chemical cleaving agents because 
protease recognition sequences may be sterically hindered in the produced fused 
profiin. The techniques for introducing the correspi nc'ing DNA sequences coding 
33 lor such cleavage susceptible pepticte units or resui m.s into the DNA sequence 
1,-odhig for the fused protein or poIy{ cpiide ere wujl-x.iown per se in the art and 
need noii; be discussed in any detail hurein. In case a specific cleavage sequence 
whirl does not occur in the desired protein, occurs in the protein A molecule, 
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this amino acid sequence may, without changing the activity of the protein A. 
part, be converted into sequences which are not recognized and cleaved by the 
particular cleavage means by methods known per se in the art. 

As mentioned above the cleavage may be effected either with the fusion 

5 product ixjund to the IgG-coupled carrier or after desctptlon therefrom. A 
batch-wise procedure may be carried out as follows. The carrier, e.g. IgG- 
Sepharose^ (Pharmacia AB, Sweden) having the fusion protein or 
polypeptide bound thereto Is washed with a suitable medium and then Incubated 
with the cleaving agent, such as protease or cyanogen bromide. After separation 

0 of the carrier material having the protein A residue bound thereto, a solution 
containing the desired protein or polypeptide and the cleavage agent is obtained, 
from which the former may be Isolated and optionally further purified by 
conventional techniques such as gel filtration. Ion-exchange etc. 

In case of the carrier being In column form and the fusion protein or 

' polypeptide comprising a protease recognition site, the cleavage procedure may 
be performed In the following way. The column of carrier having the fusion 
protein or polypeptide bound thereto Is washed with a suitable medium, and then 
eluted with an appropriate agent which Is gentle to the desired protein or 
polypeptide to be produced as mentioned hereinbefore. Such an agent may, 

' depending on the particular protein or polypeptide, be a pH-lowerIng agent, such 
as, e.g. a glycine buffer, or a protein A solution (competitive elutlon). The 
eluate, containing the pure fusion protein or polypeptide together with the 
cleavage agent, Is then passed through a second column comprising the 
immobilized protease, e.g. coUagenase when the cleavage site Is a collagenase 

' susceptible sequence. When passing therethrough the fusion protein or poly- 
peptide Is cleaved Into the desired protein or polypeptide and a protein A residue. 
The resulting solution Is then passed through the same or another IgG-coupled 
column than used above, whereby the protein A component of the solution Is 
adsorbed and the resulting through-flow Is a pure solution of the desired protein 
or polypeptide. When the desorptlon agent Is a protein A solution, the protein A 
adsorbed In the last step may be eluted and recycled to cleavage solution, the 
system then being a regenerative system with respect to protein A. 

By means of the above aspect of the present Invention a desired protein 

^ or polypeptide may readily be obtained with extreme purity and high yields using 
only a small number of process steps. Such highly purified forms of desired 
proteins and polypeptides are, for example, excellently suited for the production 
of antl-bodles through Immunisation of an animal, such as rabbit. Another 
possible application Is the combination thereof with the so-called hybrldoma 
technique for the production of monoclonal antibodies. 
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Desired proteins and polypeptides which can be prodikfied|;with 



extreme pirJty in accordance with the present invention aspect are, for example, 
enzymes, such as various oxido-reductases, trarsferas-rs, hydrolases, lyases, 
isomersses and ilgases} hormones, such as parathyroid hormones, growth 
J hcwmone, gonadotropins (FSH, luteinizing hormtne, chorlonogonadotropln and 
- glycoproteins), insulin, ACTH, somatostatin, ,yalactln, placental lactogen, 
melanocyte stimulating hormone, !:hyrotropin, p4^(&thyroId hormone, calcitonin, 
enkephalin and angiotensin; and other proteins, such as serum proteins, 
fibrinogen, flbronectln, prothrombins thromboplastin, globulin, e.g. gamma- 
10 globulins or anti-bodless heparin, coagulation factors, complement factors, 
plasma proteins, oxytocin, albumins, actln, myosin, hemoglobin, ferritin, cyto- 
chrome, myoglobin, lactoglobulln, hlstones, avidin, thyroglobulin. Interferon, 
transcortical klnlns, etc, and as suggested above peptide antigens for use in 
making vaccines. 

13 As appears from the at>ove a crucial part of the present invention li the 

provision of th^ recombinant ONA structure or vector comprising the combined 
gene coding for the present fusion protein or polypeptide and capable of 
transforming a host cell to permit expression ^h^eof and production of the 
fusion product. The present invention is meant tc encompass any such vector 

20 irrespective of how it has been obtained using, f^^r example, various restriction 
enzyme cutting, ligating, transforming and screening techniques well-known in 
the art as well as any appropriate vector materials and host-organisms. Thus, the 
DNA sequence coding for the desired protein or polypeptide may be inserted into 
a suitable vector and the proteir> A coding ONA sequence inserted subsequently, 

23 or vice versa; or the two ONA se^viences may be Introduced simultaneously into 
the vector, it Is also possible to insert the respective DNA sequences In parts 
thereof Into the vector. Further the two DNA sequences may be arranged with 
either the protein A coding sequence or the sequence coding for the desired 
protein or polypeptide at the ^•-end or starv: of the combined gene. The special 

30 techniques for accomplishing such insei'tlons and combinations with maintained 
correct reading frames, including the p»fOvislon of suitable restriction sites 
therefore, are well-known per se in the art. 

The source of the ONA sequence coding for protein A or an active 
polypeptide thereof may be any structure from which the corresponding gene or 
33 DNA-segment may be obtained such as a protein A gene containing plasmid. A 
suitable source is, for example, one of the protein A gene containing plasmids 
pSPAl, pSPA3 and pSPA3 as constrvxted and describe I n o^r International patent appli- 
cation PC":/SES3/00297 (Swedish patent appUcation 8^1.4^^10.9). From such a vector the 
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whole or an appropriate part of the protein A gene may be cut out with suitable restric- 
tion enzymes corresponding to suitably located restriction sites in or doae to the gene. The '^ ^^ 
extent o£ the protein A gene to be Included In the combined gene coding toe the 
fusion product should be sufficient for Imparting IgG -binding activity to the 
5 fusion product, which usually means at least a major p^rt of the gene segment 
coding for the IgG-blnding part o£ the prottln A molecule. As will appear from 
the experimental part below, it may, however, at least in certain cases, be 
favourable to also Include at least part of the gene segment coding for the nor>- 
IgG-blndlng part of the molecule. This part of the molecule will then serve as a 
10 spacer between the IgG-active part and the desired protein part of the fusion 
product 

The source of the DNA sequence coding for the desired protein or 
polypeptide, which may be of prokaryotlc as weU as eukaryotlc origin, may 
likewise be any structure from which a corresponding gene or gene segment may 
15 be obtained. A suitable source Is a plasm Id containing such a gene or gene 
segment. From such a plasmld an appropriate part of the gene in question, l.e, 
that codes for a sufficient part of the corresponding protein or polypeptide to 
have the desired activity, may be cut out with suitable restriction enzymes 
corresponding to suitably located restriction sites In or close to the gene. 
20 The origin of the vector part of the recombinant vector of the Invention 

Is preferably a plasmld but It may also be of viral or phage origin. The particular 
choice of vector depends on the host-organism to be transformed. As mentioned 
above the latter may be selected from bacteria, fungi, plants and algae. The 
preferred host Is, however, bacteria, and bacteria susceptible to transformation 
23 comprise, e.g. members of Enterobacterlaceae, such as strains of E. coll and 
Salmonella , Baclllaceae, such as Bacillus subtilise Pneumococcus. Streptococcus. 
Staphylococcus, Micrococcus and Hemophilus. 

When constructing a recombinant DNA vector of the invention it is 
preferable to first construct an expression or fusion vector comprising a 
30 fun«lonal DNA sequence coding for protein A or an active polypeptide fragment 
thereof, and at least one unique restriction site at or near the end of the protein 
A coding gene. Such a fusion vector may be constructed by providing a suitable 
vector, e.g. a plasmld vector, containing the whole or a sufficient part of the 
protein A coding gene as discussed above. A unique restriction site, or preferably 
33 a multUlnker containing several different restriction sites. Is then Inserted Into 
the protein A gene after the IgG-bindlng region but before the stop codon. Such 
an Insertion may, as will appear from the following experimental part, be 
effected In several steps and plasm ids. The resulting fusion vector may then be 
used for Insertion of any DNA sequence coding for a desired protein or 
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polypeptide. Such a fusion vector U also part of the present Invention. 

To Insert a DNA sequence coding for a desired protein or polypeptide 
Into the fusion vector, It Is preferably provided as part of a plasmld. If suitable 
restriction sites giving complementary ends to those obtained when cutting the 
} fusion vector in one of the unique restriction sites are not present In the gene, 
such sites may be Inserted by conventional metho«i*. They should be Inserleu as 
far upstream as possible, he. near the 5'-«nd, In the gene or before the start 
codon provided that there Is no stop codon In-betx «t\. By cleaving the fusion 
vector and the desired gene containing plasmld at tlie appropriate restriction 

10 sites and ilgating the mixtiirc, a recombinant vector containing the combined 
gen«5 may be obtained. Although it may be prefen-td to cut out the gene coding 
for tt>e desired protein and insert It Into the plasmid, It is also possible to cut the 
plasmld only at the start of the gene and combine the two plasmids. The above is, 
however, only a rough example and many variations are possible. 

13 To provide a recombinant vector coding for a fusion protein or polypep- 

tide from which the protein A part may be cleaved off, a synthetic sequence 
coding lor an oligopeptide, which can be i ecognized by a protease or a peptide 
cleaving chemical agent, may be inserted between the two fused genes or gene 
segments. Such insertions may be performed with conventional methods. A 

20 proviso is, of course, that the fusion protein or polypeptide, or at least not the 
desired protein, does not contain other peptide sequences that may be cleaved by 
the protease or chemical agent. 

For the case that a gram-positive bacterium, such as Bacillus subtills or 
any staphylococcal sp-icies. Is to be transformed by the recombinant vector, the 

25 control regions of the protein A gene (promoter and ribosome bindning sequence) 
may advantageously be used. For gram-negative bacteria, such as E. coll . It may 
be preferable to insert a control region of such origin, e.g. from the E. coil 
phage lambda. 

Apart from the fact that ihe control regions of the protein A gene 
30 function well in gram-positive bacteria, these hosts having a single membrane 
are favourable from another point of view, viz. that the signal peptide, coded for 
by Uie signal sequence of the protein A gene, may serve to secrete the fusion 
protein or polypeptide Into the surrounding medium. In a gram-negative 
bacterium, such as E. coll, the fusion product will be trapped between the two 
35 cell-membranes. Secretion of the product offtrs great advantages in that the 
ceils need not be ruptured for recovery of thn product but can readily be 
separated and the fusion protein or polypeptide be adsorbed directly from the 
medium. 

As is well-known foreign proteins produced by recombinant DNA 
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techniques In E, coU m«y be subjected to proteolytic degradation ol the product. 
Such degradation may be minimized by using a temperatwe-sensltlve reprcssor r 
which U Inactivated at higher temperatures. This permits the gene to be 
switched off when culturing the bacteria and to be switched on just before the 
5 ceUs are harvested. A DNA sequence coding for such a temperature-sensitive 
repressor may be Introduced into the recombinant vector of th« Invention by 

conventional methods. 

The Invention will now, by way of lUustratloo ofily, be described In more 
deuU In the following non-Umltlng examples, reference being made to the 
10 accompanying *awings. The disclosures of all the patent and Uterature 
reief ences meTitioned hereinafter are incorporated by reference herein. 
In the drawings! 

Fig. 1 Is a schematic Illustration of a circular restriction map of a 
plasmid DNA (pSPAl) coding for protein A. The size of the map Is given In 
• 13 Wlobases starting at the Eco RI restriction site at 12 o'clock, which Is a 
restriction site within the vector pBR322. The positions of the Eco RI, Eco RV, 
Hind m, Pst I and Bam HI restriction sites are indicated. The Junctions between 
the vector and the Inserted DNA are Indicated with arrows. 

Fig. 2A Is a schematic Illustration of the protein A coding gene 
20 indicating its different regions. Heavy line represenfs the DNA of the vector 
PBR322. S Is a signal sequence, A-0 are IgG-blnding regions previously 
Identified, E is a region nearly homologous to AHD, and X Is the C-termlnal part 
of protein A which lacks IgG-blndIng activity. 

•^ig. 2B is a detailed restriction map of the DNA-sequence corresponding 
23 to Fig. 2A, and showing the restriction sites for Tag I, Hind III, Eco RV, Pst I, 
Bel I and Sau 3A. The size Is given In kllobases starting at the same Eco RI 
restriction site as Indicated In Fig. I. The junction between the vector pBR322 
and the Inserted DNA fragment Is Indicated with an arrow. The restriction sites 
for Ta£ I (two) and Sau 3A (one) within the vector sequences have been omitted. 
30 Fig. 3A shows the base sequence around the Sau 3A restriction site at 

potiition 1,3 kb in Fig. 2B and Fig. 3B arouxi the Pst restriction site at position 2,1 kb. The 
aiiilno acid sequence as deduced from the DNA sequence Is also shown (the 
lUPAC amino acid abbreviations are used, 3. . Biol. Chem. 2^ 327 and 2*91 
(1966). 

33 Fig. * Is a schematic illustration of the constructions of plasmids 

containing the whole or parts of the protein A gene. A few restriction sites are 
shown. Boxes represent structural genes and the arrows indicate the orientation 
(from rtsrt codon towards stop ccdon). The replication origin is also Indicated by 
Orl. AMP and TET are the genes coding for amplcillln and tetracycline 
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reilatance, respectively. PROT A U the gene coding for protein A and Uc Z'U 
the gene coding for the N-terminal part of S-galactosldase. (ROther et al, NucU 
Adds Res. 9, »087-«098 (1981)). 

Fig. 5A and 3B are schematic map Uljistratlona of two fusion vector 
5 plAsmlds. The abbreviations are the same as In Pig. 0. An M13 multUlnker has 
been Inserted In the gene coding for protein A at different positions In the Iwo 
plasmlds. The nucleotide sequence and the deduced amino add sequence of these 
regions are also shown above the respectWe piasnld map. Fig. 3A Illustrates 
plasmld pSPAU and Fig. 5B Illustrates plasmid pSPAli 
10 Fig. 6A and 6B are schematic Illustrations it two plasmlds containing the 

genes codlng for protein A and B-gatactosldase fuv.-d together. The abbreviations 
are the same as In Fig. LAC Z represents the whole gene coding for B- 
galactosidase except a few nudeotldes In the T-end thereof. Fig. 6A Illustrates 
plasmld pSPAi3 and Fig. 6B lUustrates plasmld pSPAl^. 
15 Fig. 7 (C and D) Is a schematic illustration of the fused protein A and 0- 

galactosldase genes of the plasmlds In Fig. 6A and 6B. In the Figure A and B are 
schematic drawings of the protein A gene corresponding to the restriction map of 
Fig. 2A and 2B, respectively, and In alignment therewith. The sizes are glveri in 
base pairs starting at the Tafl I site. (The iwo Bd sites at nucleotides 335 and 
20 1372 are also Sau 3 A sites). 

Fig. 8A is a presentation of the nucleotide sequence around the fusion 
point of plasmid pSPA13 (Fig. 6A). The restriction sites and the corresponding 
deduced amino add sequence are indicated. The origins of the different parts of 
the sequence are also Indicated, and Fig. 8B Is a corresponding presentation of 
23 the nucleotide sequence around the fusion points of plasmld pSPAl* (Fig. 6B). 

Fig. 9 shows the nucleotide sequence of a synthetized oUgonucieotlde and 
the corresponding phage mp9/lGF-l sequence at che point of mutagenesis. "W 
indicates a non-complementary base pair. The decuded amino acid sequence after 
mutagenesis is also shown. 
30 Fig. 10 is a schematic illustration of the construction of shuttle vectors 

containing the IFG-1 and the protein A genes. A few restricUon sites are shown. 
Boxes represent structural genes and the arrows indicate the orientation (from 
start codon towards stop codon). The repUcation origins are also indicated by 
ORI-E (E. coU) and ORl-S (S. aureus). AMP, TET and CML are the genes for 
35 ampicillin, tetracycline and chloramphenicol resistance, respectively. PROT A is 
the gene coding for protein A and IGF-1 Is the gene coding for the modified 
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human Insulin-like growth factor, type 1. 

Fig. 11 is a presentation of the nucleotide and the deduced amino a<^d ' 
sequence of the gene fusion between protein A and IGF-l in plasmid pUN20l. 
Only the DNA-sequence coding for the mature protein A (lacking the region 
5 coding for the signal peptide) is shown. Possible amino acid cleavage points with 
formic acid treatment (Asp-Pro) are underlined. Cleavage sites for Eco RI and 
Hind III are shown, said cleavage sites representing the end points of a synthetic 

modified IFG-1 gene. 

Fig. 12 is a presentation of the nucleotide sequence, and the correspon- 
10 ding deduced amino acid sequence, around the 3'-end of the protein A gene in 
piasmid pUN2G2. 

Fig. 13A Is a presentation of two DNA-strands representing the IGF-l 
gene and flanking sequences, divided into oligomers. The sequence has been 
provided with a start codon (ATG In block A2), a stop codon (TAG In block A17) 
15 and recognition sequences for Eco Rl (block Al) and Hind III (block A 17). 

Fig 13B is a ligation pattern for the IGF-i gene. 

In the following Examples the starting materials, buffers, cell media and 
routine method steps were as follows. 

STARTING MATERIALS 

20 Bacterial hosts . Four strains of E. coU were used In the Examples: HBlOl, 
desCTibed by Boyer et al, 3. Mol. Biol. M, «»59-*72 (1969)} XAC lac, (Miller et al, 
3. Mol. Biol., 10_9, 275-301 (1977); RRI del M15 (Langey et al, Proc. Natl. Acad. 
Scl., USA, 72, 125^-1257 (1973); 3M 83 (Vlera and Messig, Gene 19, 259-268 
(19S2)). Also S. aureus SA113, described by lordanescu et al, 3. Gen. Mic obiol. 

25 96: 277-281 (1976), was used. (The strains are available at the Department of 
MlCTobiology (N), Biomedical Centre, Uppsala, Sweden). 
Cloning vehicles . The cloning vehicles used in the Examples were 
pBR322 as constructed and described by Bolivar et al , Gene 2, 95-113 (1977); 
pUR 222 as constructed and described by RUther et al, Nucl. Acids Res., 9, *087- 

30 (^098 (1981); 

PTR262 as constructed and described by Roberts, T.M. et al, Gene 12, 123-127 
(1980); 

pUC8 as constructed and described by Viera and Messig, Giene ISt 259-268 (1982); 
pHVU as constructed and described by Ehrlich, S.D., Proc. Natl. Acad. Sci. 
33 USA 70, 32'»0-32«>'» (1978)j 

pSKS10<» and pSKS106 as constructed and described by Casadaban, M.3., 
Martinec-Arias, A., Shapiro, F., and Chou, 3., Methods in Enzymology, 100 , p. 
293-308 (1983); 

plasmlds pSPAl, pSPA3, pSPA5 and pSFA16 containing the gene coding for 
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10 



13 



20 



30 



staphylococcal protein A as constructed and described In the International patent 
appUcation PCT/SE83/00297 (Swedish patent appUcatlon 8200810-9). Cultures of 
an E. coU 259 strain containing plasmid pSPAl and of an S. xylosus KL 11 7 strain 
containing plasmid pSPA16 have been deposited with the Deutsche Sammlung von 
Mikroorganismen (DSM), GOttingen, Federal RepubUc of Germany, under No. 
DSM 2'f3'» on July 12, 1982 and No. DSM 270-^ on August 15, 1983, respectively; 
Phage vectors M13 mp8 and mp9 RFI DNA, suppUed by New Engiand Biolabs, 
Beverly, MA, USA (catalogue No. 408 and 409).. 

BUFFERS AND MEDIA 
0.001 M EDTA and 0.01 M Trls (pH 7.8) 



Trls-EDTA buffer 
(TE")t 

Coating buffer 
(carbonate- 
bicarbonate - pH 9.6) 



i.39 g NajCGj, 2.53 g NaKCG^ and 0.2 g NaN^, 
made up to 1 liter with distilled HjO 

PBS TWEENi 8.0 g NaCl, 0.2 g KH^PO^ 2.9 g NajHPO^x 12 HjO, 

^^iTo'^O?? TWEEl5^**^^* 8 KCl, 0.2 ml TWEEI^ 20 and 0.2 g NaNj, made 



plus 

Dlethanolamlne 
buffer 10% 



Lurla-broth ("LB"): 



LA-medlumi 
TEB buffer 

25 ONPG buffer 



X gal-medium 



AXl 



up to 1 Uter with distilled HjOj pH 7.4 
97 ml dlethanolamlne* 800 ml distilled HjO, 0.2 g 
•NaNj, and 100 mg MgClj x fiHjO} pH adjusted to 9.8 
with 1 M HCli made up to 1 liter with distilled HjO 
10 g DIfco tryptone, 5 g Dlfco yeast extract, 0.3 g 
NaCl, 2 ml IM NaOH| adjusted to pH 7.0 with 1 M 
NaOH; 10 ml 20% glucose added after autoclavlng. 
Luria broth supplemented with 1% Difco agar 
0,09 M TRIS-bor&te, 0,09 M boric acid and 0,002 M 
EDTA. 

2 mM o-nltfophenyl-e-D-galactoside (ONPG, Sigma 
product No. N-1127) In 0.1 M potassium phospate 
buffer, pH 7.3, containing 0,1 M 2-mercaptoethanol 
and 1 mM MgClj* 

LA-medium supplemented with 40 mg/1 of 3-bromo-4- 
chloro-3-indolyl-6-D-gaJactosIde (Xgal). 
LA-medium supplemented with 50 mg/l of ampicillin, 
40 mg/l of 3-bromo-4-chloro-3-indoyl-0-D-galactosl- 
de (Xgal) and 0.1 mM .,sopropyl-0-D-thiogalactosi- 
de (IPTG). 



OMPI 
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ROUTINE METHODS 
Certain procedures were carried out repeatedly In the Examples. Unless r 
otherwise specified, they were done exactly as follows each time Uial they were 
carried out. 

5 Transformations. Transformation of E. coU K 12 with plasmld DNA, was 
performed eiuictly as described by Morrison, D.A., Methods in Enzymology, 
Academic Press 68, 326-331 (1979). The transformed ccUs were selected In a 
conventional manner on plates by plating for single colonies on LA plates 
containing suitable antibiotics. I.e. 33 ng/ml oi amplcIUIn or 23 ug/ml of 

10 chloroamphenlcol. 

Isolation of plasmids. Large scale plasmld preparation was performed exactly as 
described by Tanaka, T. and Welsburn, B., 3. BacterloL 121, 33«-362 (1973). For 
scoring a large number of clones for plasmlds the •^ini alkali method" was used 
exactly as described by Blrnbolm, H.C. and Doly, 3., NucL Adds Res. 7, 1313- 

15 1323 (1979). 

Gel elutlon. DNA fragments were eluted from either poiyacrylamlde or agarose 
gel pieces exactly as described by Maxam et al, P.N.A.5. 7«, 360-364 (1977). 
DNA sequencioj;. DNA fragments were 5'-end labelled, and their DNA sequences 
were determined exactly as described by Maxam et al, supra.^ The 3'-end of 
20 endonuclease generated DNA fragments was labelled with (t - P) ATP (New 
England Nuclear, USA; 2700 O/mmol) using T» polynucleotide kinase (Boeh- 
rlnger, Mannheim, West Germany). 

Restriction enzvme digestion of DNA. DNA was cleaved with conventional 
restriction enzymes purchased from New England- Blolabs, Beverly MA, USA. 

23 The restriction enzymes were added to DNA at conventional concentrations and 
temperatures and with buffers as recommended b/;New England Biolabs. 
Llgatlng DNA fragments. All DNA fragments were llgated at 1*°C over-night 
with T* DNA Ugase purchased from New England Biolabs, Beverly MA, USA, 
In a buffer recommended by the supplier. 

30 Agarose gel electrophoresis . 0.7% agarose gel electrophoresb for separating cut 
plasmld fragments, supercolled plasmlds, and DNA fragments 1000 to 10,000 
nucleotides In length was performed exactly as described by Helling et al, 3. VIr. 
U, 1233-12«»» (197'^). 

Polvacrylamlde gel electrophoresis. 8% polyacrylamlde gel electrophoresis for 
33 the separation of DNA fragments 100 to 4000 nucleotides In length was 
performed exactly as described by Maxam et al, P.N.A.S. 74, 360-364 (1977). 
Preparation of cell lysate for detection of protein A. Ei_S9li clones were grown 
overnight at 37°C in 30 ml Lcrla-broth (LB) with amplclllin added at 33 Ug/mL 
After centrifugatlon the cells were resuspended In 3 ml Trb-EDTA (0.03 M. pH 
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8.5, 0.03 M) and centrliuged. The cells were resuspended In 3 ml of the same 
buffer and lysozyme was added to a final concentration of 2 mg/ml. After 1 hour 
at 37®C the lysate was centrlfuged In a Sorvall rotor at 13.000 rpm for 13 
mIn'Jtes, The supernatant was collected and assayed for protein A. 
J Detection and quantification of protein A from E. coll clones. An ELISA-test 
(enzyme linked Immunosorbent assay) was used for detection and quantification 
of produced protein A. The test makes use of a special mlcrotite.' plate (Tltertek, 
Amstelstad, the Netiierlands) having no net charge (neutral), the wells of which 
are coated with human IgG (Kabl, Sweden). Test samples are then added to allow 
10 protein A to bind to the Fc-part of the IgG-molecules. The amount of remaining 
free Fc-sites is then titrated by adding alkal'ne phosphatase linked to protein A. 
After washing of the weiis, p-nitr ophenyi^hesphate Is added as a substrate for 
alkaline phosphatase. 

Assayi The wells of a mlcrotlter plate were filled with 30 ul of a solution of 

13 human IgG (Kabl, Sweden) at 300 pg/ml In a coating buffer and the plate was 
Incubated at room temperature for I hour. The wells were then washed three 
times with PBS +0.03% Tween® 20, which was used In all washes In the assay, 
and 30 pi of th* lysate to be tested was added. For quantitative determinations 
twofold serial dilutions of the lysates In PBS +0.03% Tweerl® 20 were made. 10 pi 

20 of PBS ♦ 0.1% Tween® 20 was then added and lncu?>ation was allowed for 1 hour 
at room temperature. The wells were again wash(i:d three times, and 30 pi of 
protein A-aikallne phosphatase conjugate (prepared exactly as described In 
Immunochemlstry, Pergamon Press 1969, Vol. 6 pp. *>-32) was added. After 1 
hour of incubation at room temperature the wells were again washed three times 

23 and 100 pi of alkaline phosphatase substrate (Sigma ^0'^ = p-nltrophenyl- 
phosphate at 1 mg/ml) was added. The enzyme reaction was interrupted after 30 
minutes by the addition of 10 pi of 3 M NaOH. The result was determined 
visually. A positive result. I.e. presence of protein A, Is a colour-less reaction 
mixture, since no free Fc-sltes of IgG are available to bind the conjugate. A 

30 negative result, I.e. no protein^ A, is observed as a yellow colour due to the 
activity of the alkaline phosphatase of the bound conjugate. Quantitative 
determinations of protein A were made by running serial twofold dilutions of a 
protein A standard solution of known concentration In parallell with the test 
samples. 

33 B-galactosldase assay 

Recombinants containing a functional lac Z gene were scored by plating 
on Xgal medium. Cell free B-galactosldase actlvlt)' wjis assayed by a colorlmetric 
procedure using o-«itrophenyl-8-D-galactoslde (O^PG, Sigma product No. N- 
1127) as substrate as described by Miller, 3. H, , Experiments In Molecular 
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C««etlcs, Cold Spring Hwbor, New York; Cold Spring Hwbor Laboratory, I977f : 
with the following modifications. The asaay was perljrmed at ♦S^C and the 
activity was measured at *05 nm. One unit of activity irepresents the change In 
ahsorbance at 405 nm per minute. $-galactosldase actlvl ;«e3 of the fused proteins 
$ axjpled to lgG^harose®were determined at S**C, Inventing the tub* In order to 
prevent sedimentations. 

Pha«te Mi3 cloning and sequencinR. 

All M 13 cloning, purifications ana sequencing was performed as described 
in the Instructions/Protocol obtained by the supplier (New England Bioiabs, 
IQ Beverly, M A*» USA, catalogue No, ft08 and 409). 

^ — — ^ 




EXAMPLE 1 

I. Analysis of the DNA sequence of the protein A gene 
In order to make fusions between genes or gene parts it is desirable to 
Imow the DNA sequence and Its deduced amino acid sequence around the fusion 
point of the two genes or ^!;ene parts to be fused. With the knowledge thereof It 
will be possible to predict how the linkage should he devisned In order to give the 
correct reading frame in both genes or gene parts and thus possibly the 
expression of a functional hybrid protein. 

In our Swedish patent application No. 820*810-9 (the disclosure of ■ 
which is incorporated herein by reference) the construction of three 
piasmids containing the whole structural gene coding for staphylococcal 
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protein A Is described, viz. plasmlds pSPAl, pSPA3 and pSPA5. However, only 
the DNA sequence ot the 3'-end of the protein A gene (regions S, E, D and (Mtft of 
A In present Fig. 2A) Is dbclosed. A prelimlnar)* sequence of the whole protein A 
gene was therefore determined In order to obtain more detailed Information of 
5 the DNA sequence In the 3'-€nd of the gene. This sequencing operc.lon was 
effected as described above under Routine Methods, the DNA source being - 
purified plasmld fSPA3, which U the smallest of the three protein A gene 
containing plasmlds and therefore the least difficult one to sequence. In Fig. 3 
the obtained DNA sequences around the Sau 3A restriction site at position 1,8 kb 

10 and around the Pst I restriction site at position 2,1 kb In the protein A gene 
restriction map of Fig. 2B are shown together with the corresponding deduced 
amino acid sequence . The particular interest in the above two restriction sites 
for the present purposes will be explained below. 

Based upon the DNA sequence obtained it was decided to construct two 

13 different gene fusion vectors by inserting an M 13 multUlnker (an oligonucleotide 
containing restriction sites for several restriction enzymes) into the above 
mentioned Sau 3A site at nucleotide 1096 of Fig. 3 A and the Pst I site at 
nucleotide 13*1 of Fig. 3B. These sites are located before and after the 
repetetlve part of region X of the protein A gene (Fig. 2A) which is thought to be 

20 Involved In the binding of protein A to the peptldoglycan of the cell wall In S. 
aureus. The possible Influence thereof on the fused proteins to be produced on 
expression of genes fused by means of such fusion vectors could then be 
determined. The construction of the two gene fusion vectors Is described 
hereinafter. 

23 II. Construction of fusion vector plasmld pSPAil (Fig. 3A) 

In the following steps A«E the construction of a plasmld containing the 
protein A gene without region X and having a unique Eco RI site inserted at the 
Sau 3A site at position 1098 (Fig. 7) is described. 

A. Subclonlng of the y-end of the protein A gene from pSPAl Into plasmld 

30 PTR262 to obtain plasmld pSPA2 (Fig. ») 

1 Mg of plasmld pSPAl (see Fig. 1) and 1 ug of plasmld pTR262 were cut 
with restriction enzymes Hind HI and Pst I, mixed, treated with T*-llgase and 
used to transform E, coll HBIOI. Cleavaje, ligation and transformation were 
effected as described under Routine Methods. 

33 Plasmld pTR262 contains a lambda repressor gene which on expression 

Inactivates the gene for tetracycline resistance. The lambda repressor gene has a 
Hind ni site and insertion of a DNA sequence Into the latter therefore 
inactivates the lambda repressor gene and activates the tetracycline resistance 
gene. Plasmld pTR262 thus permits positive selection for tetracycline resistant 
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recombinants. 

Colonies containing rtcomblnants were thus selected as being tetra- 
cycline resistant. I colony out of 20 of these recombinants was discovered to be 
protein A positive using the ELISA method described under Routine Methods. 
J Restriction analysis Indicated that it contained vector plasmld pTR262 having a 
2.1 kb protein A gene insert derived from the fragment corresponding to 0.0 to 
2.1 kb of the pSPAl restriction map of Fig. 1 anfli 2B. This plasmld was 
designated pSPA2 and is shown schematically in Fig. ' . It has a unique Pst I 
restriction site at the 3'-end of the protein A gene fragment which will be 
10 utilized in the following step E. 

B. Preparation of a SNA fragment containing the protein A gene 

100 ug of plasmid pSPAJCpIasmld vector pHVU having a protein A gene 
insert} see Starting Materials above) were cut with restriction enzyme Eco RV for 
1 hr at v'^C, This produced two DNA fragments, viz. the Inserted DNA fragment 
13 containing the protein A gene (2.1 kb) between positions 0.2 kb and 2.3 kb in Fig. 
2B and the vector pHVl* (7.? kb). This digest was heat Inactivated, precipitated 
with ethanol, dissolved in 100 Ml of TE and sedlmented through a 10-30% sucrose 
gradient In TE buffer. A Beckman SW«0 rotor was used at 3°C, 33,000 rpm, for 
20 hrs. The gradient was fractionated Into 0.5 ml fractions, each of which was 
20 »iiaiyzed by agarose gel electrophoresis. The fractions containing the 2.1 kb 
fragment were pooled, precipitated with 2 volumes of ethanol and dissolved In TE 
buffer, As appears from Figs. 2A and B the fragment contains, in addition to the 
whole protein A gene, an E. coil sequence derived from plasmld pBR322 and a 
staphylococcal gene residue. 
23 C Preparation of a DNA fragment containing r part of tne protein A gene 

3 pg of the purified 2.1 kb fragment from step Bwrrecut with restriction 
enzyme Sau 3A for 1 hr at 37®C. The digest was run on a preparative 8% 
polyacrylamlde gel electrophoresis in TEB buffer. The gel was stained with 
ethidium bromide (1 yg/ml) and a DNA fragment of approximately 600 base pairs 
30 was cut out. This fragment corresponds to the part of the gene between positions 
1.13 and 1.8 kb In Fig. 2B. The DNA was eluted overnight at 37°C In 3 ml of TE + 
0.3 M NaCl. The eluate was passed over a column containing approximately 300 
111 of sedimented DE-32 (Whatman, England) equilibrated with 5 ml of TE. After 
a 2 ml wash with TE 0.3 M NaCl the DNA was eluted with two volumes of each 
33 0.3 ml of TE * 0.6 M NaCL The eluate containing <he DNA fragment was diluted 
with one volume of TE, precipitated with ethanol anc^ dissolved In TE buffer. The 
resulting purified protein A gene fragment has cohesive ends corresponding to a 
Sau 3A restriction site and an intermediate Hind 171 site. 
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D. Preparation of vector olasmld pUR222 

Plasmld pUR222 Is a commercially avllable vector containing the gene 
coding for the enzyme B-galactosida$e (lac 23. The gene comprises a multUinker 
having several restriction sites, such as Pst I, Bam HI and Eco RI. Since B- 

5 galactosldase U easily detectable by enzymatic assays, recombinants having a 
DNA fragment inserted In one of the restriction sites can easily be scored with 
the use of appropriate host strains. Often Xgal plates are used (Xgal Is a 
chromogenlc substrate, 5-bromo-«-chloro-3-IndoIyI-fl-D-galactoslde, which 
releases a blue Indolyl derivative when cleaved by e-Bal*ct<»W**«) "PO" '*'^^ ^" 

10 galactosldase negative recombinants appear as white colonies in contrast to the 
blue-greer. colour o! colonies containing plasmlds without an insert. 

To cleave plasmld pUR222 in the p-galactosidase coding gene to provide 
cohesive ends complementary to the cohesive ends of the protein A fragment of 
step C for insertion thereof into the plasmld, the Bam Hi restriction site was 

15 used. 1 \i% of pUR222, supplied by Boehringer-Mannhelm, Germany, was digested 
with the restriction enzyme Bam HI for 1 hr at 37°C, whereupon the enzyme was 
inactivated at 63®C for 10 minutes. This cleavage preparation was used in the 
following step E for ligation with the protein A fragment. 

E. Construction of a hybrid plasmld oSPAlO containing pSPA2 and pTR262 (Fig. 
20 *1 

200 ng of pUR222 digested with Bam HI. as described In step D, and 200 
^ of eluted protein A fragment, as described in step B, were mixed and 
ligated in a total volume of 20 |il overnight at -t-l^^C. The enzyme was 
inactivated at 65^ C for 10 minutes, precipitated with ethanoi and dissolved in TE 

23 buffer. The whole DNA-mlxture containing i.a. recombinant plasmlds having the 
protein A Insert in the $-galactosIdase gene was cut with restriction enzymes 
Hind III and Pst I for 1 hr at 37°C In the recommended buffer for Hind III. This 
cleaves the recombinant plasmld In the 0-galacto»ldase gene (Pst I) and In the 
protein A gene (Hind HI) producing two fragments, viz. a small fragment 

30 consisting of a minor 0-galactosldase DNA sequence linked to the part of the 
protein A gene fragment from the Sau 3 A site at position 1.15 kb to the Hind in 
site In Fig. 2B, and a large fragment consisting of the rest of the recombinant 
plasmld, which comprises the major part of the B -galactosldase gene linked to 
the protein A gene fragment from the Hind III site to the Sau 3A site at position 

35 1.8 kb in Fig. 2B. As appears from Fig. k the B-galactosldase fragment has an Eco 
RI restriction site close to the point of f.«Ion with the protein A fragment (the 
Bam HI site). 

200 ng of plasmld pSPA2 from s?:ep A were cut with the restriction 
enzymes Hind HI and Pst I in the same way as above to cleave the plasmld 
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Into (««« Fig. ♦) three fragments, viz. one fragment extending from the Hind m 
site lornted between the Tet-gene and the 5'-end of the protein A gene to th» 
Hind m site within the protein A gene, a protein A gene fragment extending from 
the latter Mind III site to the Pst I site at the 3'-end of the protein A gene, and a 
5 larger fragment of pTR262 origin comprising the rest of the plasmid. 

The two digests prepared al>ove were Inactivated at 63^C for 10 minutes, 
mixed and precipitated with ethanoL The ONA was dissolved In ligation buffer 
and treated with T^llgase. The desired recombinant ptasmld comprises the above 
mentioned large fragment, obtained on cleavage of the pUR222 recombinant, inserted 

10 In pSPA2 between the Hind ID site within the protein A gene and the Pst I site and com- 
prisif^ The i'-end of the protein A gois, one part thereof thus bebig de-lved from pSPA2 
and the other originating from the pUR222 recombinant. Further, the plasmid is 
ampiciiiin and tetracycline resistant and should give blue colour on Xgal plates 
as win be explained below. 

15 The ligated ONA-mixture was therefore used to transform E. coll RRI 

del Mi3. Qeavage, ligation and transformation were effected as described above. 
Recombinants were plated out on Xgal plates containing ampiciiiin and 
tetracycline. One of the clones appeared as light blue, and restriction analysis 
was performed on its plasmid. This revealed a plasmid, designated pSPAlO (Fig. 

20 4)f which consists of parts of plasmid pUR222, pl&smld pTR262 and the protein A 
gene originating from plasmid pSPAl. In plasmid pSPAlO the protein A gene 
fragment is fused to the lac z'gene through its Sau 3A site at position 1096 as 
appears from Fig. 7. 

Although plasmid pSPAlO does not contain the whole lac Z gene coding 

23 for 6-galactosidase but only the gene coding for the a-fragment thereof (lac Z ), 
It Is active in cleaving the Xgal substrate thereby producing blue colour under 
the above used conditioiAS. This Is due to a complementation between the a- 
fragment coded by the plasmid and a chromosomal gene product containing the carboxy 
terminal fragment of &-ga]actosidase resulting in an active enzyme. The E. coll RRI del 

3Q M13 host strain used above ha& such diromosomal gene material and therefore 
complements the a-fragment produced by the pSPAlO plasmid to an active B- 
galactosidase molecule. 

The above described steps A-E thus produced a plasmid vector pSPAlO 
containing a desired protein A fragment which has a unique Eco RI site adjacent 

35 to Its downstream end. In order to construct a convenient fusion vector a DNA-> 
linker containing multiple restriction sites was Introduced at that site simul- 
taneously with removal of the non-desired fragment (containing the lac Z 'gene 
and the gene for ampiciiiin resistance) between the Eco RI and Pst I sites, as will 
be described In the following section III. 
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F. Construction of f'jslon vector plM mld pSPAll containing a muttl-linker from 

phage M 13mp8(FlK. M ) 

1 ug o( plaamid pSPAlO from step E and 2 ug of phage vector M13 mp 8 
(supplied by New England Blolabs, Beverly, MA, USA) were cut separately with 
the restriction enzyme Eco RI, precipitated and dissolved In an appropriate 
buffer for the restriction enzyme Psi J. Digestion with the Pst I enzyme was - 
performed and the Jwo DNA digests were mixed, llgated and used to transform E. 
coll HE 101. Cleavage, ligation and transformation were effected as described 
above under Routine Methods. The desired recombinants were selected as being 
tetracycline resistant and amplclllln sensitive. 52 tetracycline resistant clones 
were picked onto plates containing amplclllln. 3 it these clones were found to b« 
amplclllln sensitive and restriction analysis on one of them revealed the piasmid 
schematically shown In Fig. 3 A. This piasmid, which contains an Inserted M13 
multi-Unker at the end of region C of the proteiln A gene (position 1.8 kb. Fig. 
2B), was designated pSPAll. The deduced amino acid sequence is also indicated 
providing a guide for obtaining the correct reading frame after gene fusions. 
Piasmid pSPAll is a vector well suited for gene fusions with the protein A 
fragment as will be demonstrated In the following step III. 

IlL Fusion of plasmad pSPAIl to the E. coll lac Zgene 
1 pg of piasmid pSKSl Oft (containing a inlque E. coil RI site) was digested 
with the restriction enzyme Eco RI. This piasmid, together with the piasmid 
pSKS106 used below, are examples of n set of plasmids constructed to aid gene 
fusions between the E. coll lac 2 gene and other genes. The hybrid protein 
produced by such fusions contains, at its carboxytermlnus, enzymatically active 
B-galactosidase (minus a few amino acids at the N-terminus) and can be assayed 
by the enzymatic activity thereof. 1 yg of piasmid pSPAU from step 2F (also 
having a unique Eco RI site) was digested separately with restriction enzyme 
Eco RI. Both DNA digests were heat Inactivated, mixed, ligated and used to 
transform E. coll XAC lac (which strain lacks the 0-galactosidase gene) as 
described above. Recombinants were scored on Xgal plates containing both 
tetracycline and amplclllln. Approximately half ot these clones were light blue 
(the cleaved pSKSlO* can be Inserted In correct or wrong direction with equal 
probability) and restriction analysis on one ot these revealed the piasmid 
schematically represented In Fig. 6A. This piasmid, designated pSPA13, contains 
the lac Z gene fused to the protein A gene at the nucleotide of position 1.8 kb In 
Fig. 2B. This Is schematically shown In Fig. 7 and the deduced amino add 
sequence over the fusion poLnt k shown In Flg» 8A. Cuitires of this done have been 
tleposited on February 0, 1983 with the collection of the Deutsche Sammling von Mil«wga- 
nismen (DSM), GSttingen, Federal Republic of Germany, where It was assigned 
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No. DSM 2591. 

IV Fusion of olasmid pSPA2 to the E. coU lac 2 gene 
Plasmld pSPA2, «s constructed In step HA above and shown In Fig. 
contains a unique Pst I site at position 13»1 of tjie protein A gene (see Fig. 7). 

3 This plasmid was therefore used for gene fusion of the corresponding protein A 
gene fragment to the lac Z gene of plasmld pSKSlOfi. 

I pg of plasmid pSPA9 from step 2C and 1 wg of plasmld pSKS106 were 
cut separately with restriction enzyme Pst I. The resulting DNA-fragments were 
mixed, llgated and used to transform E. coll XAC lac as described under Routine 

10 Methods. Recombinants were scored on Xgal plates containing tetracycline and 
ampicililn. As ir. section HI above approximately half ol these clones were light 
blue and restriction analysis on one of these revealed a plasmld schematically 
represented in Fig. 6B. This plasmld, designated pSPAl», contains the lac Zgene 
fused to the protein A gene at position 2.1 kb In Fig. 2B. This Is schematically 

15 shown In Fig. 7, and the deduced amino acid sequence over the fusion point Is 
shown in Fig. 8B. Cultures of this clone have been deposited on Febrxjary 1983 with 
the collection of the Deutsche Sammlur^ von Mikroorganismen (DSM), Gdttingen, Federal 
Republic of Germany, where it was assigned No. DSM 2592. 

V. Construction of fusion vector plasmld dSPA12 (Fig. 5B) 

20 In order to make fusions of the protein A gene fragment of plasmld 

pSPA9 more generally possible a corresponding fusion vector as pSPAll above 
was constructed by cutting out the lac Z gene from plasmld pSPA14 and retaining 
the multi-linker sequence preceding the 5'-end of the gene. 

This was achieved by cutting 1 pg of plasmld pSPAl* from section IV 

25 with restriction enzyme Eco RI, ligating and transforming E. coll XAC lac as 
described above under Routine Methods and scoring for tetracycline resistance 
and lack of B-gaiactosldase activity. Clones were plated on Xgal plates 
containing tetracyclLie. Approximately 80% of these colonies were white and 
restriction analysis on one of these revealed a plasmld schematically shown In 

30 Fig. 55. This plasmld, designated pSPA12, contains the M13 multi-linker at 
position 2. 1 kb In Fig. 28. The reading frame at the fusion point Is shown in Fig. 
5B. 

VI. Subclonlng of the whole protein A coding gene I nto plasmld pBR322 for 
construction of plasmld pSPAS (Fig. ») 
35 The above constructed fusion vectors pSPAll and pSPA12 and the 

corresponding fused genes containing plasmlds pSPA13 and pSPAl(> all lack any 
E. coll residues upstream of the protein A gene originating from starting plasmid 
pSPAl, Including the E. coll promoter. In order to construct, for comparative 
purposes, a plasmld which contains the whole structural gene of protein A, 
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Including the protein A promoter sequence, but which lacks any E. coU promoter 
upstream? thereof, the 2.1kb protein A fragment from step HB above was doned 
into the plasmld vector pBR322 as follows below. 

1 Mg of the purified 2.1 kb protein A fragment from step HB was cut with 

5 restriction enzyme Ta£ I for 1 hr at 60®C to cleave It within the DNA of 
staphylococcal origin. The enzyme was Inactlvate^i by extraction with an equal 
volume of phenol, followed by repeated ether extraction, and finally the DNA was 
precipitated with ethanol and dissolved In TE buffer. I ug of plasmld pBR322 
was cut with restriction enzymes Cla I and Eco RV (which cleave in the same 

10 way and thus provide complementary cohesiva ends) for 1 hr at 37 C in Bam HI 
buffer and then heat inactivated for 10 minutes at 63®C The DNA samples were 
mixed, ilgated and used to transform E. coll HBlOl as described above under 
Routine Methods. Transformants were streaked out on ampicllUn (33 ug/ml). 
Colonies were picked on piatea containing 10 ug/ml of tetracycline and 33 ug/ml 

13 of ampiciliin, respectively. Transformants that grew on ampiciilln but not on 
tetracycline were considered as recombinants. colonies out of 12 of these 
recombinants were discovered to be protein A positive using the ELISA method 
described under Routine Methods. Restriction analysis In which purified plasmld 
was cut with one, two or three restriction enzymes were performed on one of 

20 these clones. The resulting restriction map of this piasmld, designated pSPAS, is 
shown in Fig. The thus constructed piasmld lacks any E. coll promoter 
upstream of the protein A gene. The protein A gene . fragment is preceded by 
its own staphylococcal promoter only. 

VII. Detection and quantitation of protein A from E. coll clones 

23 To evaluate the protein A activity of the two piasmlds pSPAi3 and 

pSPAl* constructed above, comparisonf^ were made with piasmld pSPAS from 
section VI above, containing the whole structural protein A gene, and piasmld 
pSKSlOfi, containing the B-galactosldase gene, with regard to total content of 
protein A and ability to bind to IgG-Sepharos^ columns as follows. 

30 Cell suspensions of 300 ml carrying piasmlds pSKS103, pSPAS, pSPA13 

and pSPAU, respectively, were separately grown to OD^^q ■ l.O In LB medium 
containing 33 Mg/ml of ampiciilln without added glucose. Each cell cultire was 
then centrifuged at 6000 rpm with a Sorvall GSA-rotor for 10 mln. and the cell 
peUets were washed In 20 ml of TE (0.03 M trls, pH 8.3, 0.03 M EDTA) and again 

33 centrifuged as above. Finally the ceU pellets were resuspended In 13 ml of a 
protease inhibitor buffer (0.02 M potassium phospl ate, pH 7.3, 0.1 M NaCl, 0.3% 
sodium deoxycholate, 1% Triton X-lOO, 0.1% sodiumdodecyl sulfate (SDS), and 
I mM phenyimethylsulfonyl fluoride (PMSF)). The cells were then sonicated In an 
MSE Sonlcator for 3x30 sec on an Ice-bath and centrifuged at 13,000 rpm 
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(SorvaJl 5S-3* rotor) for 10 mln. 

3 ml of supernatant was passed over an IgG~Sepharose *B column 
(Pharmacia AB, Uppsala, Sweden), as described by Hjelm et al, 
FEBS Lett. 28 (1972), that had been equlUbrated with PBST buffer. The column 
was then washed with PBST and the adsorbed proteins were eluted with 3 mi glydne 
buffer (0.1 M glycine, 2% NaCl, pH 3.0). The eluate was dialyred overnight 
against PBST and the concentration of protein A was determined by the ELISA- 
test as described In Routine Methods. 

In order to determine whether any of the cultures contained a protein A 
- B-galactosidase fusion protein a modification of the test was performed. 
Before the addition of the protein A - alkaline phosphatase conjugate 100 ul of 
ONPG buffer was added to the wells of the microtiter plate and the colour 
::hange from colourless to yellow Indicating B-galactosidase activity was 
determined visually. After three washes with PBST 30 ul of protein A - alkaline 
phosphatase conjugate was added and the test was continued exactly as described 
In Routine Methods. The results are shown In the following Table 1. 

TABLE 1 





0-galactosIdase 


Protein A concentration 


Plasmid 


activity 




(Ug/ml) 






Total 


Eluate 


Total 


Eluate 


pSKS106 






0 


0 


pSPAS 






16 


16 


pSPA13 


♦ 






4 


pSPAl* 


♦ 




1 


1 



In the Table "Total** gives the value for cell lysate and "Eluate" gives the 
corresponding value after binding and elution from IgG-Sepharose*^. As to the 0« 
galactosidase activity a negative result represents no detectable colour change 
20 after Incubation for 30 minutes at room temperav:ure, whereas a positive result 
represents a clearly visible colour change after 5 minutes under the same 
conditions. 

The test shows that the P-galactosldase from the control (pSKSlOS) does 
not bind to IgG coated wells in detectable amounts. In contrast, fusion proteins 
23 from cultures containing plasmids pSPA13 and pSPAU bind to the wells and have 
enzymatic activity. The B-galactosidase activity Is, however, not recovered after 
elution from the IgG-Sepharose® column with glydne buffer (see Table 1). This 



is due to Inactlvation of the enzyme in glydne buffers under pH 4. 



OMH 



wipo 
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The EUSA-test shows that th« protein A concentrations of the three 
protein A containing clones (pSPAS, pSPA13 and pSPAl^) vary although the same 
protein A gene sequence with the same promoter was used. The two clones 
having the lac Z gene fused to the protein A gene (pSPA13 and pSPAl(») contain 
5 less protein A than the pSPAS clone. However, the protein A of the oroteln A 
containing clones (pSPAS, pSPAU and pSPA14) bJids to IgG-Sepharos«^and can 
be eiuted with high efficiency with glycine buffesr of pH VO, as appears from 
Table U although the 6-galactos*.dase of pSPAI3 and pSPAU is irresverslbly 
If^actlvated. 

10 In accordance with the above results desired enzymes may in this way be 

immobilized directly to an IgG affinity column from a cell crude lysate. Thus 
the specific affinity between IgG and protein A assures a one-step procedure 
giving a pure and immobilized enzyme. 

Vin. Detection and quantitation of B-galactosldase activity from E. coll clones 

13 after immobilisation to IgG-Sepharose^ 

Cells carrying plasmids pSKSlOfi, pSPAS, pSPA13 and pSPAU were 
grown and iysed exactly as described in section VH. 10 ml of supematants were 
mixed with 1 ml of ledlmented IgG-Sepharose® 4B (Pharmacia AB, Uppsala, 
Sweden) that had been washed with PBST buffer. The mixtures 

20 were slowly inverted at 8®C for 1 h and the supematants were collected. After * 
washes with 12 ml of PBST the supematants of the last wash were collected. 
The Scpharose^ was resuspended in 10 ml of PBST and allquots were transferred 
to smaller tubes. The 0-galactO3ldase activities were measured exactly as 
described In Routine Methods and the results are shown In the following 

23 Table 2. 



TABLE 2 



Plasm Id 


total 

0>galactosIdase 

activity 

(units/ml) 


% activity 
in supernatant 


% activity 
in wash 


% activity 
immobilized 


PSKS106 


1* 


84.9 


0.1 


0.2 


pSPAS 


0 


N.D. 


N.D. 


N.D. 


pSPA13 


o.« 


3.0 


0.3 


71.6 


pSPAU 


0.1 


6.0 


0.0 


78.4 



* Values are calculated per ml of cell lysate 

1 unit Is defined as described under Routine Methods above. 
N.D. ■ not detected 
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The 6-galacto»ldaseirom ceUi containing pUsmld pSKS 106 (control) does 
not bind to IgG-Sepharose®, In accordance with the InablUty to bind to IgG 
coated wells (see step vn). In contrast, B-g«lactosldase from the cells containing 
plasmlds pSPAl3 and pSPAH (protein A fusion proteins) binds efficiently, In fact 
3 more than 70% of the activity Is Immobilized. 

From table 2 it appears that the fusion protein lacking the non-lgC- 
blndlng region of the protein A molecule (X In Flg« 2) as produced through 
plasmld PSPA13 gives 3-4 times more fusion product than the corresponding 
fusion product captaining substantially the whole protein A gene, as obtained via 
10 plasmld pSPAU. It seems that in this particular case tfi« pacer" region X is less 
favourable. 

IX. Elu tl on of bound B -galactosldase-oroteln A-fuslon_ protelfL f rom IgG- 
Sepharosfc _ 

Allquots of IgG-SepharosPsuspension with bound fusion proteins from 
13 sttH Vin were transferred to columns. The fusion proteins were eluted from 50 pi 
of sedimented gel by adding 0,3 ml buffer containing purified protein A 
(Pharmacia, Uppsala, Sweden) at various concentk-atlons at room gmperature. 
The B-galactosldase activity of the eluates and the IgG-Sepharose gels after 
elutlon were determined as described under Routine Methods above. Th^results 
20 are shown in Table 3, the values being expressed as percent of Sepharose 
B-galactosidasc activity. 

TABLE 3 



-bound 



Buffer 



PBST 

PBST + 
0,3 mg 
protein A 

PBST* 
2 mg 
protein A 



pSPA 
Immobilized 
after elutlon 



91 



63 



31 



sluate" 



33 



6(» 



oSPAl* 


Immobilized 
after elutlon 


eluate 


89 


0 


62 


30 


*3 


31 



. From the above results it appears that sl^ least half 
activity may be eluted by this procedure. 



the B-galactosidase 
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EXAMPLE n 

1. Construction of a shuttle plaamld containing a fusion between the genes 
encoding p rotein A and IGF-1 

In the following steps A-D the construction of a plasm'd pUN201, 
J containing the protein A gene, without region X, fused to a synthetic gene 
encoding a modified human IGF-1 (human Insulln-like growth factor type 1), is de- 
scribed. 

A. Synthesis and cloning of the gene encoding human IGF-1 

The oligomers shown in Fig. 13A were syntheslsed on an automatic DNA- 
iG synthesising machine developed by KablGen AB, Sweden (Chow et al, Nucleic 
Acids Res. 9, 2807-2817) with N-protected nucleoside chlorophosphltes as 
reagents (Elmblad et al, Nucleic Acids Res. lOt 3291-3301 (1982)). After 
purification and phosphorylation the oligomers were assembled Into seven blocks 
as shown In Fig. 13B, which were then ligated as described in Fig. 13B. 
13 In the last step, block A and block B in Fig. 13B were ilgated giving the 

complete IGF-1 gene. This segment was digested with EcoR I and Hind III 
restriction enzymes and after purification inserted Into plasmid pUC8 and 
transformed into E. coll 3M83. The transformants were screened by colony 
hybridisation using AIS as probe and one of the positive clones, designated 
20 JM83/pKG3, was sequenced, confirming that the sequence matched the IGF-l 
gene. 

The synthesis of the IGF-1 gene is also described in the Swedish patent 
application 8303626-9, the disclosure of which is Incorporated by reference 
herein. The ONA-sequence of the IGF-1 gene and the corresponding amino acid 
25 sequence appears from Fig. 11, except that a glycine residue (Gly) has been 
changed into an aspartlc acid residue (Asp) as v^ill be described in the following 
step B. 

B. In vitro mutagenesis of the synthetic gene to encode a modified human 
IGF-1. 

Oligonucleotide mediated in vitro mutagenesis was performed on the 
cloned synthetic IGF-1 gene, in order to change the part encoding the N-terminal 
amino acid residue of the mature protein. By changing this amino acid residue 
from a glycine to an aspartlc acid residue the dipeptlde aspartlc add-proline was 
formed. This allows for gene fusions encoding hybrid proteins that can be cleaved 
apart, before or after purification, by formic add treatment which deaves 
between aspartlc add and proline (Landoh, Methods in Enzymology fj7, 132- 
1977). Thereby, mature FGF-1, lacking the N-termlnal glycine, can be produced. 
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10 Mg of plumid pKG3 was cleaved with Eco RI and Hind III and a 0.22 kb 
fragment thereof was cut out from a 3% polyacrylamlde gel after electrophore- 
sis. The fragment was eluted and purified as described In the International 
patent application PCT/SE83/00297 (the dladc sure of which is incorporated by 

5 reference herein) . 30 ng of purified fragment was mixed with 

200 ng of phage M13 mp9 and cleaved with Eco Rl &nd Hind III in a total volume 
of 20 ul* After treatment with T4-ligase the ONA was used to transform E. coll 
JMS3 and the cells were spread on AXI-pIates. Geavage, ligation and 
transformation were performed as described under Routine Methods. Phage 

10 purification from one white plaque was performed a.i described under Routine 
Methods. Using the universal primer (Bio-Labs, New England, USA) the phage 
Insert was confirmed to be the 220 bp synthetic IGF-1 gene. This phage, 
designated mp9/IGF-l, was used for the following mutagenesis. 

Two oligonucleotides were synthesized and purified exactly as described 

13 above and In the Swedish patent application No. 8303626-9. One primer 
oligonucleotide consisting of 2« bases (3'-GTGAATTCTATGGACCCCGAAACT- 
3') which was used for the mutagenesis and one probe (P) oligonucleotide 
consisting of Ik bases (3'-AATTCTATGGACCC-3') which was used to Identify 
successfully mutagenlzed phage clones. The mismatches between the synthetic 

20 IFG-1 gene and the primer are shown In Fig. 9. 

16 pmoles of mp9/IFG-l and 80 pmoles of primer were mixed In a total 
volume of 80 yl containing 100 mM NaQ, 20 mM MgCj and ^^O mM TRIS-HQ, 
pH 7.3. The mixture was heated to 63*^C for 3 minutes and allowed to cool to 
23°C for 30 minutes. After transfer to an ice-bath, 190 pi of HjO and 30 pi of a 

23 solution containing 100 mM MgQj, 30 mM DTT and 200 mM TRIS-HQ, pH 7.3, 
was added. 30 units of Klenow fragment (Boehringher-Mannheim, West-Germany) 
was added and after 10 minutes in an ice-bath the iample was brought to 23°C 
for 30 minutes. Another 30 units of Klenow fragment was added and after 60 
minutes at 23°C the polymerase was heat inactivated at 63°C for 10 minutes. 

30 The sample was precipitated once with ethanol, followed by cleavage with Eco RI 
and Hind III according to Routine Methods above. The 0.22 kb fragment was cut 
out from a 3% polyacrylamlde gel after electrophoresis and the fragment was 
eluted and purified as described in the above mentioned International patent 
application PCT/SE83/00297. 30 ng of purified fragment were mixed with 200 ng 

33 of phage M13 mp9 cleaved with Eco R! and Hind III In a total volume of 20 pi. 
After ligation and transformation to E. coll 3M83, exactly as described above, 
white plaques were found in a background of blue plaques. (>8 white plaques were 
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further analysed by hybridization wltn two synthetic probes as described by 
Winter et al (Nature 299, 21 October, 1982). The filters were hybridized at room 
temperature with P-labelled oligonucleotides and washed at different tempera- 
tures. Using probe A2, 3'-ATGGGTCCCGAAAC-3', (Swedish patent application 

5 No. 8303626-9.), all clones except four show strong hybridization after wash at 
<»<»°C indicating that these clones contain the original IGF-1 gene. Using probe P, 
3'-AATTCTATGGACCC-3', all four of the previously negative clones showed 
significant hybridization. One of the four phages^ designated mp9/IGF-l.M3, was 
further sequenced using the universal primer as described above. This confirmed 

10 a successful mutagenesis as shown in Fig. 9. 

200 ng of phage mp9/IGF-l.M3 and 200 ng of plasmid pUC8 were 
separately cleaved with Eco RI and Hind III. After T4-ligase treatment, in a total 
volume of 20 pi, the DNA was used to transform E. coil 3M83 and the cells were 
plated out on AXI-plates. Qeavage, ligation and transformation were performed 

13 as described above under Routine Methods. Restriction analysis of a white colony 
revealed the expected plasmid, pUC8, containing a 0.22 kb Eco RI/Hind III Insert. 
This plasmid was designated pKGU and was used for the following steps. 

C. Construction of shuttle plasmid pUN200 containing pKGU 

1 jjg of pKGU from step B and 2 pg of pHVl<», both digested with Hind 
20 Uli were mixed and ligated in a total volume of 100 jil overnight at 4-I<;>°C. After 
digestion with Eco RV, the DNA-mixture was transformed to E. coll HBlOl and 
plated on LA-plates containing 50 pg ampiciUin per milliliter. 52 single colonies 
were picked to LA plates containing 10 pg/ml of chloramphenicol and 50 pg/ml of 
ampiciUin. After two days at 28°C one clone appeared and the plasmid in this 
25 clone was further characterized by restriction analysis. This revealed plasmid 
pUN200 schematJcally shown In Fig. 10. This plasmid, which contains the IGF-1 
gene, can replicate both In E. coll and S. aureus . 

D. Construction of shuttle plasmids pUN201 and pUN202 

1 pg of pUN200 and I pg of plasmid pSPA16, both digested with Eco RI, 
30 were mixed and ligated In a total volume of 100 pi overnight at U^C. The ligase 
was heat inactivated at 65°C for iO minutes. After digestion with Eco RV to 
decrease the number of background clones containing pSPA16, the DNA mixture 
was transformed to E. coll HE 101 and plated out on LA-plates containing 30 pg 
of ampiciUin. Plasmids from <>8 clones were analyzed by restriction mapping and 
33 3 thereof were found to contain pUN200 with i 1,1 kb Eco RI Insert from 
pSPA16, corresponding to the 3'-end of the protein A gene. The orientation of the 
Insert in these three plasmids was further analyzed by cleavage with Hind III and 
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two were found to contain a predicted fusion between the genes encoding protein 
A and IGF-1. This plasmld was designated pUN201 (Fig. 10). The nucleotide 
sequence and the deduced amino acid sequence of this gene fusion are shown in 
Fig. 11. The predicted molecular weight of the mature hybrid protein is 38,701. 
^ One of the three clones was found to contain a plasnr.ld, designated 

pUN202, with opposite orientation of the protein A gene versus the IGF-1 gene 
(Fig. 10). This plasmid codes for a truncated protein A with a predicted 
molecular weight of 30,963 (Fig. 12). 

n. Transformation of shuttle plasmids pUN2Ql and pUN202 to S. aureus 

10 SA113 

10 pg of plasmids pUN201 and pUN202 from step ID above were used to 
transform protoplasts of S. aureus SA113 as described by G6tz, F. et al, 3. Bacterid. 
1»5 . 7(k81 (1981) and in the International patent application PCT/SE83/00297 
(Step UIA). Chloramphenicol resistant clones were found after 3 days at 37^C and 

13 these transformants were restreaked on TSA-plates (Tryptlcase Soy Agar) with 
chloramphenicol (10 pg/ml). One transformant of the respective plasmid (pUN201 
and pUN202) was chosen for further analysis. Restriction mapping of the purified 
plasmids revealed that the Intact plasmid had been introduced into the S. aureus 
SA113host. 

20 III* Quantification and localization of the protein A activity from clones 
carrying pUN201 and pUN2Q2 

E. coll cells carrying pUN200, pUN201 and pUN202 respectively (from , 
Step IC and D) above and S. aureus cells carrying pUN201 or pUN202 were 
cultivated in 200 ml of liquid medium overnight. E. coll strains were grown in LB 

25 medium with ampicillin (50 ug/ml) and S« aure us strains in TSB (Tryptlcase Soy 
Broth) with chloramphenicol (10 pg/ml). The cells were pelleted by centrifugation 
at 6000 rpm with a Sorwall GSA-rotor for 10 minutes and the supernatant, 
designated medium, was saved. The cell pellet was washed in 10 ml of PBS * 
TWEEN and again centrifuged as above. This time the cell pellet was resuspended 

30 in 10 ml of a protease Inhibitor buffer (0.02 M potassium phosphate, pH 7.5, 0.1 
M NaQ, 0.5% sodium deoxycholate, 1% Triton X-100, 0.1% sodiumdodecyl 
sulfate (SOS), and 1 mM phenylmethylsulfonyl fluoridp^ (PMSF)j. The cells were 
then sonica.ed in a MSE sonicator for <* xi*0 sec. on an ice-bath and centrifuged 
at 15,000 rpm (Sorvall SS-3* rotor) for 10 min. The supernatant, designated cell 

35 extract, was collected and the ELISA-test described under Routine Methods was 
performed to determine the amount of protein A in the samples. The results are 
shown in the following Table <». 



wo 84/03103 W • PCT/SE84/0OOt6 

'i 

Table » | 

Amount of protein A per ml of sonicated cell culture determined by the 
ELISA-teat. Zero-values correspond to loss than 0.1 vig/nU. 



Host (Plasmid) CeU extract Medium 

(pg/ml) (pg/ml) 



5 E. coll HBlOl (pUN200) 0 0 

E. coll HBlOl (pUN201} 2 0 

E. coll HBlOi (pUN202) 2 0 

S. aureus SAl 13 (pUN201) 0,2 3 

S. aureus SA 113 (pUN202) 0 5 

10 E. coll HE 101 . 0 0 

S. aureus SAl 13 0 0 

Table * shows that In both E. coll and S» aureus the amount of protein A 
produced is not Influenced by the orientation of the fragment containing the 
protein A gene (plasmid pUN201 versus pUN202). Thus, the protein A IGF-1 
15 hybrid protein encoded by pUN201 is produced at approximately the same level 
as the truncated protein A encoded by pUN202. Both proteins are, as expected, 
found in the cell extract of E. coll and in the rr.ecJium of S. aureus . 
IV. Purification of IGF-1 by IgG-affinity chromatography and formic acid 

treatment 

20 The media of S. aureus SAl 13 carrying pUN201 and pUN202 respectively, 

from Step III, were each passed over an lgG-Sepharose^*B column (Pharmacia 
AB, Uppsala, Sweden) (Hjelm et al, FE3S Lett. 28, 73-76 (1972)) that had been 
equilibrated with a sodium acetate buffer (0.1 M sodium acetate, 2% NaCl, pH 
5.5), The column was then washed with the same buffer as above and the 

25 adsorbed protein A eluted with a glycine buffer (0.1 M glycine, 2% NaCl, pH 3.0). 
The eluted fraction was dialyzed against distilled water and thereafter 
lyophilized in two aliquots. The prntein pellet of one of the aliquots was analysed 
on a 13% SOS-polyacrylamide gel at 100 V for 12 hours. The gel was stained with 
amldoblack (0.196, In 't5% methanol, 10% acetic add). This revealed a major 

30 protein with the molecular weight of 38,701 for pUN210 and 30,963 for pUN202. 
This is It accordance with the predicted sizes <iisduced from the DNA sequences 
(see Step 10 above). 

The second aliquot was resuspended in 0.3 ml of 70% formic acid and 
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further incubated at 37°C for 2 days. This process cleaves proteins at the 
dipeptide sequence aspartic acld-proiine. The predicted degradation products 
from the hybrid protein encoded by pUN201 were, apart from the IGF-1 moiety 
lacking the N-terminal glycine, five oligopeptides of the molecular weights of 

3 6800, 6600, 6600, 6600 and 600. SDS-poiyacryiamide electrophoresis, as 
described above, also confirms that the major protein bands are shifted from 
approximately 38000 to several bands around 7000. 

The formic acid treated proteins were lyophiiized and resuspended in 
dlstiUed water. The sample from pUN20l was passed over an IgG-Sepharose *B 

10 column as described above. The flow through aod the eluted material (with the 
glycine buffer) were saved for further analysis. 

V. Analysis of the protein products by radio recep tor assay (RRA) 

The radio receptor assay (RRA) was performed according to Hall et ai, J. 
Clin. Endocrinol. Metab. 271-278 (1970) using a particulate fraction of human 
13 placental membrane as matrix. The standard used In the assay consisted of 
pooled normal human serum having a potency of I unit (U) of IGF-1 per mi. The 
lower limit of the assay was 10 mU per ml. The peptide used for labelling was 
purified from Cohn fraction IV to a specific activity of 300 U/mg protein 
(according to RRA). Labelling of the peptide was performed according to Thorell 
20 et al. Biochem. Biophys. Acta 251, 363-369 (1971). Purification of the tracer was 
done on a carboxymethyl cellulose column using an elutlon gradient of 0.1 M 
NH^OAc from pH *.0 to pH 6.8. The specific activity of the tracer was 
approximately 20 pCl/jig. The assay wai performed as follows: 

The standard or unknown sample (100 was Incubated together with 100 
23 pi of placental membrane and 100 pi of labelled IGF-1 overnight at +<>°C. After 
centrifugation the pellet was washed once and counted in a gamma counter. The 
sample potency was calculated using an "in house' computer program. 

Samples before and after the formic acid treatment, from Step IV above, 
were analyzed by the RRA-test and the results are shown in Table 3 below. 
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Table 5 

Radio receptor analysis (RRA) for IGF-I activity in growth medium from 
S. aureus SAl 13 (pUN202) and S. aureus SAl 13 (pUN201) after Isolation and 
purification by IgG affinity chromatography. 2e o corresponds to less than 
^ 1 U/1 medium. 

Plasmid Treatment Activity/! 



(U/1) 





pUN202 


Before treatment with 


0 






formic add 








Aiter treatment with 


0 


10 




formic add 






pUN201 


Before treatment with 


0 




formic add 








After treatment with 


1«3 






formic add 




13 




Flow through, " 


106 






Ouate, * 


19 



A formic acid treated sample was peused over an IgG-Sepharose^column 
and the activity was measured for bound (eluate) and not bound (flow through) IGF-1. 
From Table 5 it appears that the hybrid protein encoded by pUN201 has 
20 no detectable IGF-l activity. Treatment with iormic acid yields IGF-1 activity, 
and r^ost of this activity does not bind to the IgG affinity column indicating a 
successful deavage between the protein A and the IGF-1 moiety. 

While embodiments of the Invention hav« been presented above, the 
Invention is, of course, not restricted thereto, but many variations and modl- 
25 f Ications are possible without departing from the scope thereof as defined by the 
subsequent dalms. 
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DSM 2(»3(» 



•. AOOiTtONAk 



INDICATIONS « Omm MMk II n*t •whctblt). TWi It ••nUt<M* •» • •OW«l« □ 



C. OiaiOMATIO STATIS FOR W!IICH INOIWTiON* AM MAOI » (U l««:-:itto«« lo» tC SUM) 



0. SIPAKATt FUKNISHIMO OF IHOICATIONS • 0»«»« Winklf «« •pp«e«klt) 



Tfi« lndl«»H»*i» b»low will b« •ubmlHatf I* lh« lnl«nMUeii*l Buf»fi Utor* (SpMlly »b« gtiMral nthirt •( th« ln«k«llo«ia 
"AcMMlon NwmbM el OtpotU") 



L Q TN» »MM f»««l««4 wllh Ui* InlainaUMtt appnctUM «h«n Al«4 (!• b« chacHtd by U«« rM«l«lna Omt») 

iy'"Rydlu» 



(Authetlt*4 OfflMT) May 



^JlM • ! fttIM (tww U>« «» p!l_««wa >aJbAJat^U«n«t turMtt >« 



REC'D 2 H FEBJ98^ 
VftPO — P C T — 




(Auuiy(i«a onc«<t Jordan FBAtltimi 



rwm PCT/IIOn»4 flaniMft mi) 
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XNTOMAnOHAl FORM 



r 1 


t 


Martin Undbtrg 
0«p«ftin«nt of Mieroblotogy 
Bloin*^c:«l Ctntcr 
Box 581 

S.7S123 Uppnia 
Schwodon 




KCatn XN THE CASE Cf AN ORXCZNAL DCPOSZT 
iaauad purauont to Rule 7*1 by tiw 
XNTQMATZCMAS. OCPOSZTARY AUTMORXTY 
IdMUftad at ih« botiea of this fogm 






X. zoomrxcAnoN or the hxcroorcanxsm 


• * 


Xdantlftcotlan raf«r«nc« glvan by th« 

OCPOSXTOAi 


Aeeaulen nunb«r 0lv«n by lb* 
XNTOVUnONAl. OCPOSXTARY AUIMCMXTYi 


E, ccl SPA11 


DSM 204 


XX. SaENTinC DCSCRIPTTON ANO/OR TAXONOMZC OeSXCNATXON 



Th« ■leroorgoniOT ld«ntift«d undsr X obev* wis oeeoffiponlsd byt 
Q a aclantlfle dwcrlpilon 

a propoMd toxonoaile dsslgnotlon 
(Mark with o cross «h«r« opplleobls) 



Xn. RECEXPT AMO ACCEPTANCE 



This Inl«rnotlonol Dtposllary Authority oeeapU th« alereergonin l(tonllf l«d t«)d«r X obovs, which 
was r«e«lv«l by It on July 12, 1982 (Oats of ths orlBlnol dsposltj' 



XV. XNTERHAHOMAL DEPOSITARY AUTWORXTY 



NcMi DEUTSOC SAMSUNG 

VON MIKROORCANISMEN 

Addrsssi CrlMbochstrosss 8 

0.31.00 Cttitlngsn 



Slgnaturs(s) of ptrson(s) having ths powsr 
to roprssont ths Xntsmotlenol Dsposltory 
Authority or of outhorizod official (s)i 



OotBi July 13, 1982 



1 



»«isrs Rulo &.<i(<ti oppllss, such dots Is ths data on which ths. stotus of Intsrnotlonol daposltory 
oithorlty wos oequlrad| whars o daposlt noda ouUlda ths Budopast Trcoty ofUr ths ocqulsltion of 
ths statu* of Intamotlonol dcposltcry outhorlty Is co^srtad into o daposlt undar ths Budopsst 
Traoty, aueh dot* is ths dots on which lha slcroorgonlsn was raealvad by ths intamatlonol dsoo. 
sltory authority. 
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Martin Undberg 
Otpartm«nt of MIcroblobgy 
BlofiMdlent Ctntcr 

Box sai 

S.7S123 Uppnti 
Schweden 



VZA8XLZTY STATOCNT 
tasuad pursuant la rul* 10.3 by lh« 
XNTCRNAnONAI. DCPOSXTARY AUTHORITY 
l^iitM on Mm boitoM of IMa pog* 



J . 



X. DCPosrrai 



n. xoEMTxnrAaoN of tw uzcroorcakzsm 



Addnui 



Mariln LIndberg 

Oeparlment of Microbiology 
Biomedical Canter 
Box S81 

S-7S123 Uppsala. Schweden 



(*cie«—lon ruib«r glvwi by ihm 

ZNTERNATZONAL.OePOSnARY AUTHORZTY 

DSM 2t)3H 

Dot* of tho d«peolt or of tho transfer t ^ 

July 12, 1982 



Zn. VIABZLZTY STATOCMT 



Tho viability of tho ■leroergonlM Ictentlflod undor ZI obovi wo tootod en 
On that doto, tho oold alcroorBanlaa wo* 



vldblo 



no longer viable 



ZV. COWZnONS IffOOt MKICH THC VZABZLZTT TEST HAS BEEN PERFORCO 



V. ZHTERNAnONAL MTOSZTARY AUTHORITY 



I OCUTSOC SAM4.UNC 
VON UIXR00RCANZ9CN 



Addreasi Crlaobochetr. 8 
b-3A00 CSttlngen 



Slgnaturo(a) of p<KTf9on(a) having tho power 
to ropreaont the Zntemotlonol Depoaltory 
Authority or of authorized offlclol(a)i 



\ti»t July 13, 19A2 



^ Zndleoto tho dote of original depoolt or, where o now deposit or o tronafer hoa boon aode, tho 
■oot recent relevant dote (dote of tho new deposit or dote o\' tho trvuferl. 

' Zn tho eaaea referred to In Rule 10.2(a) (11) and (111), refer to the matl roeent viability teal. 
' Mork with o eroaa tho opplledblo box. 



^ Fill In If tho InferMotlon hoa bean ronuesled and if the r^olta of the teeta 
Fan OSU^ « UmI. nun 



were negotlvo. 
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A. lOtMTinCATIOM OP OIM»IT • 



Deutsche Sammlung von Mikroorganismcn (DSM) 



Grisebachstrasse 8, Q-3000 Cattlngen, Federal RepubUc of Germany 



Dai* •< tff»«M * 

August 13, 1983 



A«CMtlMNwmbM« 

DSM 2706 



B. AOOmONAk 



INDICATIONS « (lM«« fctoni II n«» apphMbl*). Thl» lofo«n«U(Mi it eonUny** M • viM tlUcM* •*••« Q 



C DISiaNATID »TATI« PON WHICH INUIOTiONS ARI MAOl • 0» ln«l!«U«M m IMt IM kC tfMlgnal*^ SUiM) 



O. SKPARATt FJRNISHiNO OP INOICATIONS • 0M*« bUnk II Ml appllMbU) 



Th« lA4ictii««it Bilad btlow •«! b* iubml(l«4 l» lh» InUrtwUenal Bureau Um • (Spacllr U* s«<Mral i»«»ufa of th* lAdUatiMS 
"AccattloA Numbaf el Oapetit*^ 



t. Q TMa (hMl «<* r«cil««d wlUi Iha U\ta«nailenal appUcatlon whan M*4 ((• b« chacliad bf lha racaliring omea) 



(Avthoriia^ Om«*r) Uiy R^dlUS 
n?^a /aial fxalpl (ham lha appllcani) t | i>t>jntamaUon»l Buraau »• 



wi 



Rcco 2 1 FEB leS'i 



WIHO PCT 



lif^ntamaUenal Buraau i* A 

J (A«iha^a4omca.) J or dan FR 



FRMKUa 



Pan* PCT/RO/IM (Januarr IMt) 
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Hartin Lindberg 
Departmant of Microbiology 
Biomedical Center 
Box SBl 

S-751 23 Uppsala 
Sweden 



naan jn imc case or an crzcxnal KKsn 

ta.»a(id yuMuant to Rul* 7.1 by iha 
ZmUMAnONAL DCPOSnARY AUTHOfinY 
ttfvHlfi*^ at Um boiiM of thU pofl* 



X. iDCNTzrxanoN or the microorganism 



Zdantlf leoUon rafaranea gtvan by tha 

DEPOSITOR I 

KL117 (pSPAlfi) 



Arcaaaton nuahmr s^van by tha 
ZNTDnUTZOH/ti. DEPOSIT A«T AUTHORZTYi 

DSM 2n6 



11, SaomnC OESOtZPTION ANO/OR TAXONOMIC OESXCNAnON 



Tha ■tereortmlM idantif lad uniw I obeva tNia oeeoffpanlad byi 
Q o actanUflc dMcrlptlon 

Q o propoaad toxonoale daaignotlon 
(Mark with a eroaa «hara opplleobla) 



Zn. RECEIPT AND ACCEPTANCE 



Thla InUmotlonol Dapoaliory Authority occapta tha ■IcroorsonltM tdantiflad u^ar I abova, tihieh 



raealvad by It on August 15,1983 



(Data of tha original dapoalt) 



1 



ZV. INTERNAHONAL DEPOSHARY AUTHORITY 



Addri 



OCUTSOC SAMCUNC 
YON MZKROORGANISMEN 

Crlaabaehotroaaa 8 

D.3M0 Cttttlngan 



Si8natura(s) of p«raan(o) having tha pottar 
to rapraaant tha Intamotlonol Oapoaltory 
Authority or of outhorlxad efflelal(a)i 



Ootai August 23,1983 



Whara Rula 4.li(d| oppllaa, aueh dota la tha data on vhlch tha atotua of Intamotlonol dapoaltory 
outhorlty itoa ocqulradf whara a dipoatt aada outalda tha Budopaat Traoty cftar tha ocqulaltlon of 
tha atotua of Intamotlonol dapoaltory outhorlty la convartad Into a dapoalt undar tha Budopaat 
Traoty, auch data la tha dota on which tha mlcroorgonlara woa raealvad by tha Intamotlonol dap»> 
altory outhorlty. 



Fora KH^/l, (aola poga) 0582 
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Hartln Lindberg 
Departnent of Microbiology 
BiooMNiical Center 
Box 381 

S-751 23 Uppsala 
Sweden 



VXABZUTY STATCMMT 
laaurrt purauont t« tula 10.2 by ih« 
ZNTtRNATXONAL OCTOSHARY AUTHORXTT 
idmiirimd on Urn beXtem of thla pog* 



Z. OCPOSZTOR 



n. XDENTIFXCAnON OT THE MZCROORONZSM 



NoMi Martin Lindberg, Dept. of Micro, 
biology, Biomedical Center 

AdrfTMai Box 581 

S-751 23 Uppsala 
Sweden 



AcoMalon nuN6«r glvwi by Xhm 

XNTOMATZONAL DCPOSITARY AUTHORITY 

DSM 2706 

Oats of Uw dapoBtl or of lb* tronsfcri ^ 

August 15,1983 



xn. vxABXtxn statocnt 



Th« vloblllty of iha ■leroorganlaa tdwtUflsd undw ZZ obov* 
On that data, lh« solU ■leroorgonlM 



tastad en Aug.22,1983 . 



vldbla 
Q ' no lengar vlobla 



ZV. OOtOZTZONS lN>a WHICH T>C VZABZUTY TEST HAS BEEN PERfORMED 



V. ZNTCRNAnONAt. DCPOSZTARY AUTHORHY 



NoMt OEUTsoc saimlum: 

VON MDCPOORCANISCN 

Addrasai CrlsabaehaU. 8 

. 0-3l>00 CSiUngan 



Slgnatura(a) of paraon(a) having tha povar 
to rapraaani tha Zntamational Oapooltorr 
Authority or of outhorlxad offlclal(o)i 

August f>3,1983 



^ Zndlcota tha dota of original dapoolt or, whara o nmw daposlt or o ttorwfar haa baan aoda, tha 
■oat racant ralavont doU (data of tha na« depoalt or doU of tha traisfar). 

' Zn tha coaaa rafarrad to In Rula 10.2(a)(ll) and (111), rafar to tha aoat racant vloblllty taat. 
' Uork alth o eroaa tha oppllcobla box. 

^ Fill In If tha InforMtlon hoa baan raquastad and if tha raaulto of tha tasto vara nagotlva. 
rora OSU^ 9 (sola poga) 0083 
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A. lOIMTineATIOH 09 OtPOMXX • 



Deutsche Sammlung von Mikroorganismen (OSM) 



AMiM« •! <»p»tll«rr IfltMiitiM (UicH«th«a pm»M e«4« an^ cawnbr) * 

Grisebachstrasse S, O>3400 Gfittingen, Federal Republic of Germany 



February 1983 



AecMal** Numk«f • 

DSM 1591 



■. ADDITIONAL INDICATIONS • Omv* MMtk II net appitMbl*). TMt InformtUM U <enUnu«4 m a aaparala attMha4 akaM Q 



e. OiaiONATtO STATf S rOR WHICH INOIC.^T•ON• ARt MAOl • (II lh« IntfiiaUaaa ar« Ml laf aS rfaalfnaiH SUlaa) 



O. StPANATl rUHNISHINO OP INDICATIONS • (la«f« blank It net ip»Uc«b!«) 



Tha IndicaHofla Iitla4 btiow «IU ba aubmlttarf la lha InlamaUaital Buraau latar* (Spacify Iba ganaral ntlura al U«a IndlcaUaM < 
■Aecastloa Nymbaf al Oapetit*^ 



E. Q TNa triaat waa lacaivad wlUi Uta IniarnaUanal application whan fliad (to ba chackaJ ay Uia raca<«<fl« OKlea) 
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XNTCMAnONM. POM 



Or.Hartln Llndberg 
Oepartmont of Microbiology 
Biomedical Center 
Box 581 

S.7S123 Uppsala 
Sweden 

L 



man w thk casc or an snesuu. ocposn 

iaauad punuent to Rul* 7*1 by Um 
XNTERtUnOHAL OCPOOXTAAV AUTHORITY 
IdMitlf l*d at th« boltM of this psgn 



X. iDomnaTxoN or t>c mxcmorganism 



IdMiUf icotlon r«f«r«ne« givan by th« 

DEPOSITOR I 

SPA 23 



Aee«sslon nMihmt glvan by tha 
JNTERNATIONAt. DEPOSITARY AimaRITYi 
DSM 2S91 



II. SaENTinC OESOtlPnON ANO/OR TAXONQMIC DESICNAnON 



Th« alereorganln l<tontlflad wtd«r I obov* vam oecoinpanlad byt 
(7) 0 sdantlfle dMcrlpilon 



Q] 0 propoMd toMncale dwlgnaiion 



(Mark with a eroaa «h«r« opplleobl*} 



in. RECEIPT ANO ACCEPTANCE 



This ZnUrnoilonol Ocpoaltory Authority oeeapta th« ■Icreorganlaa ld«ntlfl*d ynOw I obov*, «hleh 
«aa r«c*lv«d by It on February 4, 1983 (Data of th« orlglnol dopeslt)^ 



IV. INTERtanONAt DEPOSHARY AUTHORITY 



HoMi 0EUT5O€ SAtMLUNC 

VON MIKROORCANISMEN 

AddroMi CrlwboehaUauo 8 

D.34,00 CttltlngM 



Slgnatus'o(a) of paraon(a) having tha powar 
to rapratMnt tha Intamotlenol O apoaltory 
Authority or of oulhorlzad efflelal(a)t 



Dotal February 17, 1983 



Nhara Rula ft*^(d) oppXlaa, auch dota la tha data on which tha Jtotua of Intarndtlonal dapoaltory 
authority woa aequlrad| whara a dapoalt mda cutslda tha Budop^tat Traoty aftar tha acquisition of 
tha slotus of IntarnHlonol dapoaltory authority Is convartad Into o dapoalt undar tha Budopast 
Troatyf such data Is tha dota on «hlch tha alcroorgonlaM woa raealvad by tha Intamotlonol dapo> 
altory authority. 
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Dr.nartln Lindbarg 
Department oT Microbiology 
Biomedical Center 

. Box 561 


VXABXUTY STATOCNT 
laaMarf punuont to ruXa 10.3 by ihm 
XHTEW^AnONAL OEPOSXTARY AUTHORXTT 
idantlflad en tha betioa of thta pogo 


S.75123 Uppaala 
^ Sweden j 




2. OCPOSXTQR 


n. xoENTxrxcAnoN or the mxcroorcanxsm 


Or.M.Llndberg 

Department of Microbiology 
Biomedical Center 

Box 581 

S-75123 Uppsala 


Aceaaalon lUftomr glvan by tha 

XNTCRNATXONAi. DEPOSITARY AUTHORITY 

DSM 2591 

Oota of tha daposlt or of Iho ironsfart ^ 
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CLAIMS 

1. A method of producing and selectively isolating a desired protein or 
polypeptide or derivative thereof, characterized by the steps of 

constructing a recombinant vector comprising a DNA sequence coding 
for said desired protein or polypeptide operatively linked to a DNA sequence 
coding for protein A or an active polypeptide fragment thereof or any other 
maaomolecule capable of binding to the constant regions of Immunogiobulins, 
such that said DNA sequences together code for an IgG-binding fusion product 
between said desired protein or polypeptide and said protein A, active 
pdiypeptide fragment thereof or macromoiecuiei 

transforiTilng a compatible host with said recombinant vector such that 
the combined DNA sequences coding for said fusion protein or polypeptide can be 
expressed by the host, and cultur}ng the transformed host in a suitable growth 
medium to produce said fusion protein or polypeptldei 

■selectively isolating said fusion protein or polypeptide by adsorption to 
an IgG-supporting carrier material, and 

optionally desorbing said fusion protein or polypeptide from said IgG- 
supporting carrier. 

2. A method according to claim 1, characterized in that said Isolation of 
the fusion protein or polypeptide Is performed on a lysate of the cultured host 

20 cells or the growth medium. 

3. A method according to claim 1 or 2, characterized in that the fusion 
protein or polypeptide coded for by said combined DNA-sequence comprises a 
unique cleavage site, which is not present in the desired protein and preferably 
not in the protein A part, between said protein A part and said desired protein or 

25 polypeptide part, and that said desired protein or polypeptide part Is cleaved off 
from the rest of the fusion protein or polypeptide either while the latter is 
adsorbed to the IgG-supporting carrier or after desorption thereof from the 
carrier. 

<>. A method according to claim 3, characterized in that said unique 
30 cleavage site is an amino acid or amino acid sequence susceptible to cleavage by 
a cleaving agent selected from the group consisting of proteases, hydroxylamine, 
cyanogen bromide and formic acid. 

5. A method according to any one of claims i-'^, characterized in that said 
recombinant vector is constructed by providing an expression vector comprising a 
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functional DNA sequence coding for protein A, an active polypeptide fragment 
thereof or any other macromolecule capable of binding to The constant regions of 
Immunoglobulins, and a multillnker sequence located before any stop codon ol 
the protein A coding sequence} and inserting a DNA sequence coding for said 

5 desired protein or polypeptide into an appropriate restriction site of said 
multllinker sequence, and optionally inserting a DNA sequence coding for said 
unique cleavage site between the DNA sequence coding for protein A and the 
DNA sequence coding for the desired protein or polypeptide, said cleavage site 
coding sequence preferably being provided In the expression vector or In the 

10 junction end of the desired protein or polypeptide coding DNA sequence before 
the inseition thereof into the cxpressicn vector. 

6. A method according to any one of claims 1-3, characterized In that said 
desorption of the fusion protein or polypeptide from the IgG-supportlng carrier Is 
effected by subjecting the carrier to low pH conditions, high salt concentrations, 

15 chaotrophlc ions or to competitive protein A elutlon with an excess of soluble 
protein A or IgG or fragments thereof. 

7. A recombinant vector, characterized in that it comprises a DNA 
sequence coding for protein A or an active polypeptide fragment thereof or any 
other macromolecule capable of binding to the constant regions of Immuno- 

20 globulins, operatively linked to a DNA sequence coding for a desired protein or 
polypeptide, such that the combined sequences together code for a fusion product 
between said protein A, active polypeptide fragment thereof or macromolecule 
and said desired protein or polypeptide, said fusion product having IgG-blnding 
activity. 

23 8. A recombinant vector according to claim 7, characterized in that said 
protein A coding DNA sequence extends from the 3'-end of the combined DNA 
sequence coding for said fusion protein or polypeptide, said protein A coding 
sequence preferably comprising the promoter and signal sequence of the 
structural protein A coding gene. , 

30 9. A recombinant vector according to claim 7 or 8, characterized In that It 
in the junction between said combined DNA sequences comprises a DNA 
sequence coding for a unique deavable site, which is not present in said desired 
protein or polypeptide and preferably not in said protein A part and which may be 
cleaved by a cleaving agent. 
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10. A recombinant vector according to claim 9, characterized in that said 
unique deavable site is an amino add or amino acid sequence susceptible to 
deavage by a deaving agent selected from the group consisting of proteases, 
cyanogen bromide, hydroxylamine and formic acid. 

11. A recombinant vector •rcording to any one of daims 7-10, characterised 
in that it is a plasmid. 

12. A method o£ preparing the recombinant vector of any one of daims 7-11, 
characterized in that it comprises the steps of providing an expression vector 
comprising a functional DNA sequence coding for protein A, an active 
polypeptide fragment thereof or any other macromolecule capable of binding to 
the constant regions of immunoglobulins, and a multilinker sequence located 
before any stop codon of the protein A coding sequence, inserting a DNA 
sequence coding for said desired protein or polypeptide into an appropriate 
restriction site of said multilinker sequence, and optionally inserting a DNA 
sequence coding for a unique deavage site, which is not present in the desired 
protein or polypeptide and preferably not in the protein A part, between the 
DNA sequence coding for said protein A and the DNA sequence coding for the 
desired protein or polypeptide, said deavage site cooing sequence preferably 
being provided in the expression vector or in the junction end of the desired 
protein or polypeptide coding DNA sequence before the insertion thereof into the 
expression vector. 

13. An expression vector, characterized in that it comprises a functional 
DNA sequence coding for protein A, an activo polypeptide fragment thereof, or 
any other macromolecule capable of binding to the constant regions of 
immunoglobulins, and a multilinker sequence located before any stop codon of 
the protein A coding sequence. 

1*. A host organism transformed by the recombinant vector of any one of 
daims 7-12, preferably a strain of Escherichia , Bacillus or Staphylococcus . 

15. A fusion protein or polypeptide, characterize:' in that it is produced 
according to any one of daims 1, 2, 5 and 6. 

16. A fusio(> protein or polypeptide according to daim 15, characterized in 
that it is bound to an IgG-supporting carrier material. 

17. A method of produdng a preparation of a desired protein or polypeptide 
or derivative thereof, from which the latter can be readily isolated, characte- 
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rlzed by the steps of 

constructing a recombinant vector comprising a DNA sequence coding 
for said desired protein or polypeptide operatively linked to a DNA sequence 
coding for protein A or an active polypeptide fragment thereof or any other 
5 macromolecule capable of binding to the constant regions of Immunoglobulins, 
such that said DNA sequences together code for an IgG-binding fusion product 
between said desired protein or polypeptide and said protein A, active 
polypeptide fragment thereof or macromoieculei and 

transforming a compatible host with said recombinant vector such that 
10 the combined DNA sequences coding for said fusion protein or polypeptide can be 
expressed by the host, and cuituring the transformed host in a suitable growth 
medium to produce said fusion protein or polypeptide. 
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AMENDED CLAIMS 

(received by the IntemationaJ Bureau on 09 July 1984 (09.07.84>; 
originil claims 1-17 have been amended) 

1. A method oi producing and selectively Isolating a desired protein or 
polypeptide or derivative thereof, characterized by the steps of 

constructing a recombinant vector comprising e DNA sequence coding 
for said desired protein or polypeptide op^atlvely linked to a DNA sequence 
3 coding for protein A or an active polypeptide fragment thereof or any other 
macromolecule capable of binding to the constant regions of Immunoglobulins, 
such that said DNA sequences together code for an IgG-bindlng fusion product 
between said desired protein or polypeptide and said protein A, active 
polypeptide fragment thereof or macromoleculex 
10 transforming a compatible host with said recombinant vector such that 

the combined DNA sequences coding for said fusion protein or polypeptide can be 
expreased by the host, and culturlng the transformed host In a suitable growth 
medium to produce said fusion protein or polypeptide} 

selectively isolating said fusion protein or polypeptide by adsorption to 
13 IgG or Fc-part thereof immobilized on a carrier material, and 

optionally desorblng said fusion protein or polypeptide from said IgG- 

supporting carrier. 

2. A method according to claim 1, characterized in that said Isolation of 
the fuston protein or polypeptide Is performed on a lysate of the cultured host 

20 cells or the growth medium. 

3. A method according to claim 1 or 2, characterized in that the fusion 
protein or polypeptide coded for by said combined DNA-sequence comprises a 
unique cleavage site, which is not present ii? the desired protein and preferably 
not In the protein A part, between said protein A part and said desired protein or 

23 polypeptide part, and that said desired protein or polypeptide part is cleaved off 
from the rest of the fusion protein or polypeptide either while the latter is 
adrorbed to the carrier or after desorptlon thereei from the carrier. 



<». A method according to claim 3, characterized In that said unique 
30 cleavage site is an amino acid or amino acid sequence susceptible to cleavage by 
a cleaving agent selected from the group consisting of proteases, hydroxylamine, 
cyanogen bromide and formic acid. 



5. A method according to any one of claims characterized in that said 
recombinant vector is constructed by providing an expression vector comprising a 



wo 84/03103 % ^P(-r.SF.{H/00046 

functional ON A sequence coding for protein A, an active polypeptide fragment 
thereof or any other macromolecule capable of binding to the constant regions of 
immunoglobulins, and a muJtllinker siquence located before any stop codon of 
the protein A coding sequence; and inserting a DNA sequence coding for said 

i desired protein or polypeptide Into an appropriate restriction site of said 
muJtiilnker sequence, and optionally inserting a DNA sequence coding for said 
unique cleavage site between the DNA sequence coding for protein A and tlie 
DNA sequence coding for the desired protein or polypeptide, said cleavage site 
coding sequence preferably being provided in the expression vector or in the 

10 junction end of the desired protein or polypeptide coding DNA sequence before 
the insertion thereof into the expression vectur. 

6. A method according to any one of claims 1-3, characterized in that said 
desorption of the fusion protein or polypeptide from the carrier is 
effected by subjecting the carrier to low pH conditions, high salt concentrations, 

15 chaotrophlc ions or to competitive protein A elution with an excess of soluble 
protein A or IgG or fragments thereof. 

7. A recombinant vector, characterized in that it comprises a DNA 
sequence coding for protein A or an active polypeptide fragment thereof or any 
other macromolecule capable of binding to the constant regions of immuno- 

20 globulins, operatlvely linked to a DNA sequence coding for a desired protein or 
polypeptide, such that the combined sequences togjthur code for a fusion product 
between said protein A, active polypeptide fragment thereof or macromolecule 
and said desired protein or polypeptide, said fusion product having IgC-binding 
activity. 

25 8. A recombinant vector according to claim 7, characterized in that said 
protein A coding DNA sequence extends from the 5'-end of the combined DNA 
sequence coding for said fusion protein or polypeptide, said protein A coding 
sequence preferably comprising the promoter and signal sequence of the 
structural protein A coding gene. 

30 9. A recombinant vector according to claim 7 or 8, characterized in that it 
in the junction between said combined DNA sequences comprises a DNA 
sequence coding for a unique deavabie site, which is not present in said desired 
protein or polypeptide and preferably not in said protein A part and which may be 
cleaved by a cleaving agent. 



wo 84/03 103 a 3 PCT/SE84/00046 

10. A recombinant vector according to claim 9, characterized in that said 
unique deavable site is an amino acid or amino acid sequence susceptible to 
cleavage by a deaving agent selected from the group consisting of proteases, 
cyanogen bromide, hydroxylamine and formic acid. 

3 11. A recombinant vector according to any one of claims 7-10, characterized 
in that it is a plasmid. 

12. A method of preparing the recombinant vector of any one of daims 7-1 1, 
characterized in that it comprises the steps of providing an expression vector 
comprising a functional ONA sequence coding for protein A, an active 

10 polypeptide fragment thereof or any other macromolecule capable of binding to 
the constant regions of immunoglobulins, and a multillnker sequence located 
before any stop codon of the protein A coding sequence, inserting a ONA 
sequence coding for said desired protein or polypeptide Into an appropriate 
restriction site of said multilinker sequence, and optionally inserting a ONA 

13 sequence coding for a unique cleavage site, which Is not present in the desired 
protein or polypeptide and preferably not in the protein A part, between the 
ONA sequence coding for said protein A and the ONA sequence coding for the 
desired protein or polypeptide, said deavage site coding sequence preferably 
being provided in the expression vector or in the jurrct'.on end of the desired 

20 protein or polypeptide coding ONA sequence before th« in^iertlon thereof into the 
expression vector. 

13. An expression vector, characterized in that it comprises a functional 
ONA sequence coding for protein A, an active polypeptide fragment thereof, or 
any other macromolecule capable of binding to the constant regions of 

23 immunoglobulins, and a multilinker sequence located before iny stop codon of 
the protein A coding sequence. 

U. A host organism transformed by the recombinant vector of any one of 
dalms 7-12, preferably a strain of Escherichia , Bacillus or Staphylococcus . 

15. A fusion protein or polypeptide, characterized in that it is produced 
30 according to any one of daims 1, 2, 3 and 6. 

16. A fusion protein or polypeptide according to dalm 13, characterized in 
that it is bound to a carrier material supporting IgG or Fc-part thereof. 



17. A method of producing a preparation of a desired protein or polypeptide 
or derivative thereof, from which the latter can be readily isolated, characte- 
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A. AACGGCTTCATC CAAAGCCTTAAA GACGaTcCTTCG GTGAGCAAAGAA ATTTTAGCAGAA 
AsnGlyPhelle GlnSerLeulys AspAspProSer ValSerLysGlu neLeuAUGIu 



1513 1525 1537 p,M ^^49 1561 

a. qCAAACGGCACT ACTGCT6ACAAA ATTGCTGCAGAT AACAAATTGGCT GATAAAAACAT6 
.AliAsnGlyThr ThrAlaAspLyi IleAlaAlaAsp AsnLysLeuAla AspLysAsnMet 
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C8CAATBmTrrATCCAAAOCCTTAAAaATaATCXAA0CaWW>aTOCTAACaT^ 
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CTTAATeACTCTCAAGCTCCAAAAOCT8ATBCOC AA C iWWV> TAACTTC <W \C A Aft^ 

LauA*nAs(i8«rBl nAl «Pr aLy«Al aAspAl aGl nSl nAmnA«iPh«A«iLy«A«pai nOl nSw Al aPh* 
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TATQAAATCTT8AACy»T9CCTAACTTAAAC8AAeCSCAACaTAACt30CTTCATTCAAAaTr^ 

TyrOl ul 1 at.BuAmnflwtProAanLBuAaoai uAl aOl nArBAanOl yPh«I I •01 nSarLwiLyaAapAjp 
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CCAAaCCAAAeCACTAACSTTTTAearOAAaCTAAMWMTTAAACQAATCTCAAeCACCaAAAeCT 
ProS«r*91 nS^rlTvr AanVal LauOl yOl uAl aLyvLysLauAanai uSarOl nAl aProUyaAl aAapAan 



SAO 



AAmCAACAAAGAACAACAAAATCCTTTCTATQAAATCTTQAATATBCCTAACTTAAAC3AAeAACAACQC 
A«nPh«A*nLyaQI uQl nOlnAanAl aPtiaTyrOlul 1 aCauAannatProAanLauAaneiuBluainArg 
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AATOOTTTCATtXAAAQCTTAAAAOATCWCCCAAOCCAAAaTBCTAACCTATTOTCA8AABCTAAAAAOTTA 
AanOl yPha I 1 aOl nSarLauLyaAapAaoProSarai nSar Al aAunLauLauSarQl uA 1 aLy aLy sCau 
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AATa<WTCTCAA0CACCOAAAeCOeATAACAAATTC Art C AAAOAACArt CAAAATBCT T TCTAT3AAATCTTA 
AanaiuSarQl nAl aPr oLyaAl aAapAsnLyaPTiaAsnLyaOl uGl nBl oAanAl aPtiaTyrGl uX 1 Lau 



S7& 



CATT7ACCTAACTTAAACSAAGAACAACt3CAAT8aTTTCU*TCCAAAQCCTAAAAGATGACCCAAGCCAAAeC 
HI sLauPr oAariLauAsnQI uBl uOl nArgAanBl yPhal 1 aOl nSarLanLyaAap AapPro SarBl nSar 
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GCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATaATGCTCAAOCACCAAAABCTaACAACAAATTCAACAAA 
Al aAanCauLauAl aOl uAl aLy aLy aUauAanAapAl aOl nAl aPr oLy aAl cAspA«nLyaPhaA«nLy« 



720 



0AA C AA C AAAA T6CTTTCTATCWU»TTTTACATTTACCTAACTTAACTG AA e AA C AA C0TAACSOC^ 

01 uOlnPl nAafiAl aPhaTyr 01 ul 1 aCauHl aLauPr oAsnLauThrOl uBl uQl nArgAanGl yPha II* 



792 



GcoRI 

CAAAeCCTTAAAOACQATCCQOaOAATTCTATGGATCCCOAAACTCTQTGCQOTGCTBMCTSGTTGACSCT 
01 nSarLauLy fcftapA^pFf oGI yAanSarHat AapProGl uThrLauCyaGl yAl aSl uLauVal AapAl m 



CTbCAaTTTOrrTQCOOTQACCaTOOTTTTTATTTTAACAAACCCACTOOTTATOaTTCirCTTCTCQTCQT 
LauOlnPhaVal Cy«ai yAapArgOl yPhaTyrPhaAanLyaPr oThrQl yTyrOl ySar 3arSar ArgAr g 



73A 



aCTCCCCAQACTBGTATTaTTaAC8AATBCTBCTTTC0TTCTTGC3A(XTGCSTCQTCT*1AAATaTATTGC 
Al aPr oainThrGl y 1 1 aVal AspeiuCysCyaPhaArgSarCya«4«pLauArgArgLaueiuflatTyrCy« 



1008 



KlndlZI 

8CTCCCCTOAAACCCGCTAAATCT8CTTA8AAGCTT 
Al aPrekMLyaProAl aLyaSar Al at «t 



1044 



WO 84/03103 , ~ ~T/SE84/00046 

9/9 ^ 



Al A2 A3 A4 AS 

' GGAATTCT ATGCCTTCCCGAAAC TCTGTGCGGKCTG AACTCCTTGACCCT CTGCACnTCTTTO 

, -CCTIAACATACCCA CGCCrTTGACACAC GCCAQGACTTCACC AACrCCCACACCTC 
^ B17 B16 BIS 314 

A6 A7 . A8 

CGGTCACCGTGGTT TTTATTTTAACAAA CCCACTCGTTATGC 

AAACAAACCCCACT CCCACCAAAAATAA AATTGnTGGCTCA .CCAATACCAACAAG AACAGCACCACCAG 
B13 312 all BIO B9 

AID Ail Ai2 A13 

CTCCTCCCCACACT CGTATTCTTCACGA ATCCTCCTTTCGTT CTTGCGACCTCCGT 

CCCTCTGACCATAA CAACTCCTTACGAC GAAAGCAAGAACGC TGGACCCACCAGAC 
B8 B7 B6 BS 

AM AIS A16 A17 j, 

CCTCTCCAAATGTA TTCCGCTCCCCT C A AACCCGCTAAATCT CCITAGAACCPrCC 

CTTTACATAACGCG AGGGGACTXTGGGC GATXTAGACGAATC TTCGAACC-, 
B4 B3 B2 . Bl 

FIG.13A 



Al A2 A3 AO A5 A6 A7 A8 A9 AlO A11A12A13 Alf A15 A16 A17 

< ' I ' « » ' ■<! » I 



B17 B16 Bl^ Bi<» B13 Bi2 Bll BIO B9 BS B7 B6 B3 B4 B3 B2 Bl 



II III IV V VI VII 



B 



IGF- 1 gene 



FIG- 13B 



INTERNATIONAL SEAftCH REPORT 



lnt«mu(Ofl«l AoDfacKMfl Na P C T / S E 8 4 / 0 0 0 6 6 



I. CtAg«<nC*TIOW OF lUBJlCT MATTtW (it »«.f»l cl«««lflcillo«i nm xm toetr. >«<«leil« (U' • 
According to lnlam«lional Pttant CI«i«<(1ciitto<i (iPC) at to both National Clascncadon and IK J 

C 12 N 15/00 



II. PlllOa SIARCHIO 



Minimum Oocumaniitlen Sauchod • 



ClaaaMlcaOen Siratom 



Claatifleailan Sipmbola 



IPC 3 
US CI 



C 12 N 15/00 
435:172, 317 



Oo«wm«ntillon Saarchod othaf man Minimum OocumanlaNon 
10 tha Ixtant that *uch OecumoMt ara Indudad H lf<a FiaMa Saarchad • 



SE, NO, DK , n classes as above 



III. DOeUMIMT* eONtlOINIO TO MLIVANT •« 



Calaflonr * 



E 
E 



Citation of Ootumant. i« with Indication. wWafa appfeortaia. ol IWa ralairant saaaagaa »' 



WO, 84/0773 (PHARMACIA AB) 
1 March 1984 

WO, 84/0774 (PHARMACIA AB) 
1 March 1984 

EP, A3, 1930 (GENENTECH INC) 
16 Hay 1979 

EP, A3, 35384 (THE REGENTS OF THE UNIVERSI- 
TY or CALIFORNIA) 

9 Septe'rtber 1981, see pp 10-12 and 27-2S 

NY, Acad, Sci Proc. Vol 80 p 697-702 

published February 1983 (LoFdahl S.et al) 
"Gene for staphylococcal (.rotein A" 



Ralo«ant to Claim Na. >• 



1 
1 
1 

1-17 
1-17 



* 9e«cial catagofiaa ei cilad documantt: '* 
"A* decumoni aaAxina itia gana'al aiata e) tha art «nicn ii not 
conaidafad to la ol oarticuitr raia»anca 

"I' aarltaf dseumani But publlariad on sr aXar iha mla'naiional 
flting data 

"L" dacumont which mav inrow douAit en pnoniv claim(t) or 
which la citad lo aitiDtian iha pueiicition atla el aneinar 
citation er othaf apa>:lal raaion (at ioaoflad) 

"0* document rafamng to an oral diacioaura. uaa. aihibitien or 
other meana 

'P' document publiaho'l phgr lo the iniamaiional nimg data but 
later trtan ina prior ly title claimed 



"T" liter documini jubMthed after the international filing data 
or prioriiy dale ar<a noi m con/lict with the application but 
cited to unaaretcfld the principle or Iheotir underlying the 

in.enlion 

"X" document of pctifuiar relevance: the claimed invention 
cannot be coneiccred novel or cannot be conaldarad 10 
involve en inventive «iee 

"Y" document of particular relovenca; the claimed Invention 
cannot be cona'dered to lnvo!»e en inventive atep when the 
document ie comoHed olth one or more other aueh decu* 
mantt. auch combination being obvioua to a parion akilled 

in the art. 

■■4" document member of Ihn aan a patent lamily 



IV. CIRTiriCATtON 



Dale ol tha Actual Completion ol the Iniemalioml Saercn • 

1984-05-09 



Data ol Mailing ot thia Iniernatlati'il Seerch Report • 

1984 H35- 16 



Ihlematlonal SearcMng Authority > 

Swedish Patent Office 



I Slonatura ol Authotltad Qdledr*' 

Carl ?lof Cr'usta 's3 0n 



form PCT/ISA/tlO laacond aheet) (October )«si) 



